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THE 


GIPSY MOTH. 



HfTEODUCTION. 

The dispersion of any insect that has been introduced, accidentally 
„r otherwise, into a new country offers an interesting opportunity to 
Mudy the elements which aid in bringing about its transmission from 
point to point within that country, and this is particularly true con- 
fciiiing one of so great economic importance as is the gipsy moth. 
When the first work to suppress this insect was taken up in the early 
nineties an attempt was made to determine all the means by which 
the insect was spread, and since that time any data bearing on the 
spread of the pest have been eagerly sought and carefully studied in 
the hope that better methods could be found for its control. The 
region surrounding Medford, Mass., where the gipsy moth was in- 
troduced in 1869 , is the center of one of the most thickly populated 
sections of the United States; hence there was an unusual oppor- 
timily for the spread of the insect by artificial means. In spite of 
the work that has been done and the observations that have been 
recorded it has remained until the last two years for a demonstra- 
tion to be made of the maimer by which tlii.s'insect i.s spread to the 
gi'eated extent, by niitiiral means. ’ 


MEAHS BY WHICH INSECTS AKE SPREAD. 

One of the principal methods of in.sect locomotion and of spread- 
ing is by flying, and there is little chance of preventing the spread 
(it a strong-flying introduced species which has become thoroimhlv 
established. The continued spread of the elm leaf-beetle and ofthe 
brown-tail moth illustrates how flying insects are dispersed 
There IS, however, another class of insects which does not spread 
b.v flying. Several distinct types exist, and among them may be 
mentioned such insects as the San Jose scale and other closely re- 
ated species. The structure of the females of this group is such 

( "mature; hence the 

h.^tnbut 01 of the species is confined, so far as natural means is 

0 ro’e I t the ability 

to 11 .e about for a limited period. The adult insects are spread 

a e s i!,ed and on living trees or shrubs that 

The r ™ / r Z u ' propagation, 

it h S stock, but 

hibernit ^ caterpillars are in the 

nating webs where they pass the winter. 
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THE DISPERSION OF THE GIPSY MOTH. 


While the gipsy moth does not belong to the same class as t| 
scale insects just mentioned, it resembles them inasmuch as it i.^ * 
.spread by the flying of the adult, for although the females avj ' ' 
vided with wings, they are unable to fly, owing to the extreme 
of the body. Dispersion, therefore, is greatly restricted in this 
of the existence of the insect, and this is important, as it bears diiectf 
on the control of the species. 


IHVESTIGATIONS OF THE DISPERSION OF THE GIPSY MOTH 

Investigations which were carried on during the early ninety 
have been fully treated in the report on the gipsy moth by iVn' 
bush and Fernald, published by the Massachusetts State hoard at 
Agriculture in 18!)fi, natural and artificial dispersion beino rdn 
sidered on pages 94^116. Although it appeared at that time tint 
excellent opportunities were afforded for studying the dispersion uf 
this insect, still it must be remembered that the pest was abundant 
in relatively few localities during the years covered by that report 
especially when the conditions existing in later years are coiisideie,! 
in comparison. It is evident that the extent of distribution of anv 
insect depends largely upon the abundance of the species, and if 
large areas are badly infested migration is often necessary in ordn 
that many of the individuals may secure sufficient food. 

The dispersion of the species, as treated in the above mentioned 
report, was considered as local and long distance. The former 
condition was brought about by egg clusters being broken ami 
scattered by birds or other animals that frequent infested trees, 
Clusters were also carried on driftwood (see PI. I), and those 
deposited on leaves (see PI. II) were sometimes di.stributcd by 
the wind. The caterpillars were occasionally found clinging to tlie 
bodies of animals or to the clothing of persons who had visited 
infested places and were carried short distances in this way. 

Many colonies were established in remote districts by the carriage of 
the larvK on vehicles, and egg clusters were sometimes transported 
on cordwood or lumber products shipped from infested forests. (See 
PI. III.) The distribution of caterpillars upon vehicles was ion- 
sidered so important when the gipsy-moth work was begun in IS91 
that inspectors were stationed along the main highways to stop and 
examine all vehicles and to destroy any caterpillars found before 
allowing them to pass out of the infested area. This precaution mar 
entirely warranted in view of the discovery that many faiins had 
become infested by the transportation of caterpillars on vehicles 
Places infested in this manner, however, were usually occupied oi 
milkmen, peddlers, swill gatherers, or persons whose business wnod 
them to drive regularly to and from the city during the sinaimer, m 
to neighborhoods that were badly infested with the gipsy iiioib' 




'ay. 7912. 



Female Gipsy Moths Depositing Eggs on Oak Foliage, Melrose, Mass. 

Arniws jtniiil U* tiidIIis. :iiid opsr t )U'ier<. i( irii.'iii;U- 1 
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CONTROL WORK ABANDONED. 
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a 1,0 efficient work which was carried on by the Massachusetts State 
of Agriculture during the early nineties rendered the con- 
liniKiiice of vehicle inspection unnecessary, as the moth had been 
gioaily reduced in numbers and very few badly infested localities 
ciiild be found. At the time the work was abandoned in 1900 34 
t,,« us and cities surrounding Boston were slightly infested. A few 
isilated colonies were present outside of the limits of this m-ea, but 
i,i most cases these had been reduced almost to the point of ex- 
tol iiiiiiation, and in several colonies none of the insects had been 
fomid for two or more years, in spite of the fact that careful examina- 
ti,„„ «-ere made annually. It should lae said that very little if any 
of ihc teri'itory in the infested area was what would be considered 
noiv as badly infested, and owing to the thorough manner in which 
tl„. work was prosecuted the danger of spread was reduced to a 
;iiiiiiimuru. 

^ CONTBOI WORK ABANDONED. 


in tiie winter or ruuu suppression measures were abandoned bv the 
Slate of Massachusetts, but during the next five years considerable 
niiliviiliial effort was expended to protect the trees in the residential 
sections, particularly by owners. The infestation became so^serious 
liowever, in the summer of 1904, and the depredations of this in-ect 
were so severe, owing to its remarkable increase in numbers, that 
iienoii was taken by the State ,n the spring of 1905, and mone^ pro- 
vi, led for the purpose of affording relief and preventing the dedri.c 
lion of (rees m towns and cities as well as of attempting to control 
tlie iiioili throughout tlie infested area ^ 

As wonld liiive been expected, daring the vear luon in.i lom e , 

was caused bv the einsv moth nifh * ^ notable 

trained observer that if wLT to 

I'sleeted in-iviite estates It wis nnrf ^ woodlands and on 

-intienlarlv paid practically no 'a'ttentionTo thf in^ofHif 
iiniiws and others owning infested wnndi„„H ’"sect and that 

i^-ipense, to fight the insect In i w Hiiwiiling, because of 

liraiisliuiif the central district while tT severely injured 

l"elor,<d Iron, which the ins^ts wlre s '' had 

I 1tif« diowed that the moth had ImhT "-f The sumnier 

1 rarioiis parts of the infested distrii-t "V • ' ‘''■'U’ming numbers 

'"'tts of Arlington Medford « ‘ colonies had developed in the 

--ied notable 'Voods colonies 

‘"til had developed to a re™ , J “I'l'Sfent to all tliat the gipsy 

«.'S, r ““rr; *• 

^Fi;;7r: tt^tended Its bo„,id.s nuo previous!.,- noninfested 

““ Moths, 12, ®"l><''*‘‘ondent for SappresshirthrGhJ^^^^" 
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THE DISPEBSION OF THE GIPSY MOTH. 


territory. The caterpillar outbreak was sufficient to convince every 
of the necessity of concerted action against the moths. While in 
in the afflicted district the trees under the charge of mimicipal 


cared for with considerable success* private estates and woodlands i 


•Tune 




an(i 


July presented shocking scenes of devastation. In many places tin. 
fire could not have been more thorough or alarming. From Belmout to j; ' 
and Lynn a continuous chain of woodland colonies presented a sight at 
disgusting and pitiful. The hungry caterpillars of both species of 
swarmed everywhere; they dropped on i^rsons, carriages, cars, and 
and were thus widely scattered- They invaded houses, swarmed into liim 
sleeping rooms, and even made homes uninhabitable. ^ 


GIPSY-MOTH WORK RESUMED. 


It must be noted that the conditions above described were mcii 
favorable for the dispersion of this insect, and in order to detertiiiuf 
so far as possible the territory which had become infested, iiispeetop 
from the office of the superintendent made an examination of n la,»( 
area outside of that known to be infested when the work was stnppeij 
Of necessity this examination was hurriedly done, owing to the fjej 
that a sufficient number of trained men could not be secured in the 
limited time available, and also because a large number of the more 
experienced workers had to be employed in fighting the iiitolerahle 
conditions in the central towns. The results of the scouting ivdii, 
however, showed that the gipsy moth was present in 124 towns and 
cities in Massachusetts. Seven infested towns were also fotind in Xut 
H ampshire, extending from the Massachusetts line along the ten- 
coast to and including Portsmouth, so that the entire infosted nrei 
proved to be six times greater than when the work was Ldnindowd, 
Each year since 190.5 more or less scouting work has been done hv ilie 
State of Massachusetts in the towns outside of tlie known infested 
area, and in Maine, New Hampshire, Rhode Island, and Connectinit 
large sections have been examined by scouts working under tlie 
direction of Mr. D. M. Rogers, superintendent of moth work for tilt 
Bureau of Entomology, United States Department of Agrieiilnirf. 
and every year additional infested territory has been found. As i 
rule very few egg clusters are found in the outside towns, but it 
should be stated that the examination is confined to tire roaddilet, 
residential sections, and orchards, it being impossible to e.xiimine all 
the large forest areas involved. 

The same factors which previously resulted in the dispersion of 
the insect were found to be operating, but the danger had bffii 
greatly increased owing to the development of many high-speed 
and long-di.stanee trolley lines which conveyed people from the cen- 
ters of population to the rural districts rapidly and in many easo 
without changing cars. These increased transportation fact 
afforded an excellent opportunity for the distribution of gipA'®” 
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j,.iu.i pillars, and the presence of the insect in woodland sunoimding 
lakes and ponds which were frequented by camping parties was the 
,,‘atiiral result. During midsummer, when caterpillars were abun- 
dant. they could frequently be seen crawling on the clothing of 
people on electric cars and sometimes have been observed on the 
seats and running boards. In this way they are often carried consid- 
craWe distances. 

IHE ATITOHOBILE AS A WEAW S OF DISPEESIlfG THE GIPSY MOTH 

Perliaps no single form of transportation has caused .so wide a 
dispersion of this insect as the automobile. When the gip,sy moth 
was most abundant during the nineties it was seldom possible for 
(.aterpillars to be conveyed on teams or wagons more than 20 miles 
in a single day, but with the advent of the automobile this danger 
was greatly increased. In fact, since this mode of travel has be- 
come popular the traffic between the cities in eastern Massachusett.s 
and the seashore and mountain regions in Maine, New Hampshire 
and Vermont has increased remarkably, and the spread of the insect 
has been proportionately greater. 

The lines of automobile travel are usually along trunk roads, many 
of which are bordered by badly infested woodland. These condi- 
tions afford an excellent opportunity for the young caterpillars to 
spill down from the trees and to be carried away by any moving 
objert with whioli they come in contact. Cases are on record where 
city residents who own country or seashore places have caused them 
to become infested by journeying back and forth by automobile So 
many cases of this kind have been found that it is now considered 
one of the easiest means by which the insect is spread. Automobile 
traffic IS very heavy in June, .when the gipsy moth is most likelv to 
be carrioa in the caterpillar stage. 


OTHER MEANS OP DISPERSING THE GIPSY MOTH. 

.\nother means by which the gipsy moth is dispersed to outlying 
iTgioms IS through the unintentional carriage of caterpillars J J. 
c ns ers by visitors or travelers. In 1900 this insect was found to 
|niiall 'iimbere on the grounds of the National Soldiers’ Home at 

I'vr'ald 1 ® that time was 81 miles 

a«av, and, Irom the condition of the infestation and the circum- 

Prohable that the insect had been 

from thc^infeof u ^ '"mates or visitors who came 

fZr- infestations are 

area,especiallv on? 

vicimtv spend their T' ^^^ton and 

, apena their summer vacations. 
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THE DISPERSION OF THE (flPSY MOTH. 


Tn the fall of 1910 a flourishing gipsy-moth colony was tuniiii 
farm at Charlton, Mas.s. The worst part of the infestation wn, ' * 
small orchard near the farmhouse and in a row of trees > 1 ,,^, ' 

tance away which bordered on cultivated land. Inquiry sliowf,] ,] 
for a number of years it had been the custom for the owners nf ji !' 
farm to take children from Boston and vicinity for sumiuei beani,, 
The vacation of each boarder usually lasted about two week.., si, ii 
they w’ere continually changing, and there is no doubt llmt ^ 
moth caterpillars or egg mas.se.s were brought from the 
regions in the baggage of the vLsitors. 

Many similar cases might be cited, but this will suffice to illintj.i,, 
the ease with which this insect may be carried long distances. 

In December, 1909, a flourishing colony of the gipsy moth wj. 
found in the residential section of Wallingford, Conn. Tliis i,. 
than 100 miles from the nearest badly infested area. E.xiimiiinii,,, 
showed that the worst infested trees were in the business sortidn, j|,,i 
many of them were in the rear of a grocery and proc ision stnit 
Supplies of vegetables, such as early lettuce, cucumbers, and tdiiu 
toes, had been received in season by this store from marlud pudiii. 
located near Boston, and there seems to be little doubt timt ttrj 
clusters of the gipsy moth had been transported inadvcrtemly (« 
the boxes or in the packing material. 

KELAnON OF BIRDS TO THE DISPERSION OF THE GIPSY MOTE 

During the past few years the scouting operations in Massaclmsctif 
and New Hampsliire have resulted in the discovery nf vip.sv-in(itli 
colonies in regions inaccessible to travel, and often in places wliiiii 
woidd seldom, if ever, be frequented by man. This concliiidii nf 
affairs has occurred so often, and an explanation for the prcsciivcif 
these colonies became .so difficult, that it seemed dosirnblo to tab 
up the subject in a more thorough-going manner for the imriMw nf 
determining whether the insect might be distributed by some ollin 
means. In some of these cases it is po.ssible that the colonies iiiislil 
have started from caterpillars that had been dropiocil li,V Itii'k 
but the distances between many of them and known infested reeimii 
were so great as to render this tlieory in most cases higlily iiniiml). 
able. Furthermore, when caterpillars are picked up by liiids ilip 
are usually injured to a greater or less extent, and the (‘hniice> I'f 
their developing so tluit vigorous colonies would result in a k'' 
years are veiy remote. Another factor in relation tn the inflnoiff 
of birds on the spread of the gipsy moth, and one which has leceivel 
much serious consideration, is the possibility of their feeding iifM 
the eggs of the species and distributing them in the excrcmeiil. 
fertile eggs of the gipsy moth should he eaten and pass ihroiiglrt '^ 
alimentary canal of some of our insectivorous birds without sibli® 
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i, r undoubtedly offer a valid explanation of the 

for some of the outlying colonies which have been found. In 
,1,0 report of Forbush and Femald, already cited, detailed accounts 
^riven of the part played by practically all the insectivoroiLS 
liiiils wliich are at all common in eastern Massachusetts. At the 
the observations were made a large mimber of trained field 
, b.rr\ers were constantly employed, and few, if any, of these re- 
l„„te.l that birds were found feeding upon eggs of the gip.sy moth, 
iln fart, the report states that the only bird that has been found 
I f, . riling upon dies® eggs "> die field is the English sparrow, and. as it 
ii, iiomially a grain-feeding species and one that frequents cities or 
,1,1, Iris of population, it is doubtful whether the moth ivould he dis- 

j, .,seil to any great extent if it were possible for the eggs to pass 
ihruiigh the bird without injury. 

I'ortiinafely, during the winter of 1909-10 two sets of experi- 
iiiriii.- were conducted for the purpo.se of determining whether gipsv- 
eggs wiiuid pass through the alimentary canal of birds without 
iiijiiiy. 'I'heso tests were made independently, and in both oases 
it was necessary to disgui.se the eggs in other food or force the birds 
to feed iipoii them. One set of experiments was begun in Februarv 
by Mr. C. W. Collins,' of the parasite laboratoiy of the Bureau 
,if Kiitoiiiology. He used a number of English sparrows and a .single 

The >parrow.s were fed by placing gipsy-moth eggs in their mouths 
1111(1 reiiiiiriiig them to take a swallow of water to wash them down 
Of 3.)C eggs fed in this way 112 were found intact in the excrement 
iiiid the biilnnce were broken during the process of digestion or re- 
1, milled in the gizzard. Only seven eggs hatched, which shows that 
iiiiiler this artificial treatment the chances for survival of the eg<rs are 
very Miiall. None of the eggs fed to the pigeon hatched after bcinrr 
iiiiileii, ^ 


1 lie>e experiments indicate the extreme improbability of either 
<1 I lese bircls .selecting gip.sy-moth eggs for food, and the cliances 
"i I he insect being disseminated in this way appear very slight, both 
mi iiecomit ot the injury to the eggs in passing through the bird and 
hivaiKi he distances of migration of the species are relatively small 
1 lie dice set of experiments was conducted bv Mr. Win Rieff = 
lie Bussey Institifiion Harvard University, during March of th’e 
_ d mn- As no native birds were available for the tests the follow- 
Kilh h chlnV bird, English yellow-hammer, 

ri,rc™s V ? 1 ’ carrier Pigeon. 

disguised in food, such as bread crumbs. In the case 


Journal of Economi 
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THE DISPERSION OP THE GIPSY MOTH. 


of the Japanese robin they were placed inside the larvse of 
beetle (Tenehno molitor), while those fed to the screech owl '***' 
inserted in a freshly kOled mou.se. 

Of 62 eggs that passed through the Japanese robin thrco ha; 
while of 112 eggs vomited by the screech owl with the remains ( 
mouse seven hatched. No hatching resulted in the experiment ■ 
the other birds. * 

The writer says : 

To sum up the details of these various experiments It is seen that 
moth eggs cau withstand the action of the digestive fluids of birds 
to at least two families, Turdid® and Bubonidffi, without suftVi h,.. 
only slight injury. In regard to the large family, Fringillida, .iiso'jj ' * 
(Ivorous group, I am inclined to believe that these birds might also (xx-i,- 
distribute gipsy-moth eggs in spite of the negative results obliiinrd 
experiments. "’1 


These conclusions seem too sweeping because of the 1^0(1 « 
centage of the eggs that failed to hatch, and when tlie conditionj 
under which the birds were fed is considered it is doubtful ivlicili(t 
comparable results would be secured under natural conditions 

The Bubonidse and Fringillidse are not, for the most part ij. 
sectivorous birds, and it is doubtful if the latter would, c.Ncept ij 
rare instances, eat eggs without crushing them or at least nttempting 
to break away their outer covfering, as this is their usual habit ulien 
feeding dn seeds, which are their natural food. 

Whether eggs would pass through the alimentary canal of some of 
uur less domesticated insectivorous birds unharmed is an open qiits. 
tion, and one very difficult to settle, owing to the fact that these will 
species can not be experimented with in confinement in any sativ 
factory way. It should also be noted that the digestive process ia 
birds is more rapid under natural conditions than when they an 
confined for e.xperimental purposes; hence it may be that in nature 
a larger percentage of eggs would withstand the digestive actioj, 
but the distance that they could be carried would be coriespondinglv 
reduced. The main question, however, appears to be whether birds 
actually eat eggs of the gipsy moth in the field. 

Men engaged in the moth work frequently find egg clusters ivhirli 
have been broken, and sometimes in such a condition that one miglit 
conclude that they had been pecked at by birds, ( lusteis air 
sometimes broken by squirrels or other animals, and not infrequently 
this is charged up to birds. Mr. John A. Farley, one of the agents 
of the Massachusetts State foresters office, reports the following ob- 
servation, which shows how carefully matters of this nature must 
be investigated in order to prevent error. On visiting a wooded 
area where it had been reported that bird.s were feeding on gip^ 
moth eggs and where the clusters showed every indication that tins 
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hmciiis'"" was 


^ correct, he found that the chickadees {Penthestes 
were working among the clusters and were apparently 

^n]r\ner a IDAPA f.KAPA11/rK A-irn 1. . Ji 1.1 


o o uiiu wcic ap^jarenc 

!f«Mliiig. On making a more thorough examination he found that a 
ftu Miiall white-pine seeds had been stored away in the cavities that 
,ven' made by the birds in the gipsy-moth egg clusters. No egg- 
tholl.-; or other evidences of feeding were found, and later Mr. Farley 
the birds depositing the seeds. Later in the season an examina- 

anrl tViP. nrpviniislv caapa^a.] • 


i made and the seeds previously secreted were missing. Dis- 
sertiuns have shown that pine seeds are a favorite food of this species 
Biu! ilmt they are often collected and stored for a winter food supply. 
'I’he reliability of these data is unquestioned and throws an interest- 
i;)ir light on the subject. 

It ha.s been suggested by Mr. William Brewster, the well-known 
Di-iiitliologist of Concord, Mass., that the gipsy moth may be spread 
in the egg stage by crows, hawks, and other large birds that make 
lests (PI. rV) of large twigs, as it would be possible for them to 
'iury material which was infested with egg clusters. This may 
lappen in some cases, but it seems probable that it would result in 
oral rather than long-distance dispersion. 

In view of the results secured by the experiments above mentioned 
and of the observations cited it seems that the evidence is wholly 
inadequate to prove that birds were responsible for distributing the 
lipsy moth to the large area which was annually becoming infested 
Furthermore, towns where only one small infestation was found 
jiighl, the following year, be infested in 20 or 30 different locali 
i.v. all of which were remote from influences which would favor 
utifirial means of spread. As the first infestation found in a town 
s usually small and is thoroughly treated, no reasonable explanation 
■«„ld be given for the presence of so many colonies the following 
ill I i ^ ' also, that, many of these outbreaks were located in 
laces th f were seldom frequented by men or animals indicated 
tumglv that some other natural means must assist the insect in 
itt'oming generally dispersed. 

CONTINUED DISPEESIOlf OF THE SPECIES UNEXPLAINED. 

for several years this matter was thoroughly considered by the 

a conrimv eon? ^'^“ed impossible 

■nl-iterl 1 ' 1 1 ™ *be means whereby so many small 

- cd coloiues had become established. The theory was adlnced 

afesied'eor' ^eyeloped in a badly 

fan insuffilntH abnormally small on accomff 

1 this way cause the be able to fly, and 

‘lieorWile 1? beeT”’” r . P™- 

ccasioiiidiy it wholly fails and although this might happen 

3 "holly fads to explain the reason for numerous small 
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colonies which are found long distances from any badly infcitod 
Isolated colonies have been usually so far away from infestation 
it would .have been practically impossible for small females to ] 
covered the distance by flying. 


atej. 

tliit 

■illVt 


STOGESTIONS CONCEENIHG THE SPEEAD OF lAEVJl; BY 

WIND. 

In the fall of 1909 Prof. E. D. Sanderson, who was the,] 
mologist to the New Hampshire Agricultural Experiment ' 
and who was deeply interested in the work of suppressinir the „ 
moth, suggested that the caterpillars of this insect might ' ' 
ried by natural means, and later he wrote to Dr. L. 0. Hoty t 
Chief of the Bureau of Entomology, calling attention to an auV] 
in the Standard Natural History relative to the peculiar hair ^ 
the young caterpillars and suggesting that they might assist il, 
larva; in being carried by the wind. An examination of the liter 
ature showed that the matter had been mentioned by Forbush ji [ 
Fernald in 1896 and that the hairs had been described by IVuclr] 
and Kornauth in a publication relating to 'experiments in the fore,|, 
of Austria in 1893. This paper deals principally with hairs ef 
peculiar structure which are found in the first-stage lartte of tlij 
nun moth {Pdlura monacha L.) and states that similar hairs sre 
found on the first -stage larviie of Porthetria dispar. 

These hairs are not present on the caterpillars in the later stages 
and as they are provided near the base with a globular enlargement, 
which the authors believed to be filled with air or gtis, they wen 
called aerostatic hairs and the globes aerophores. They slate tlu: 
the first -stage nun larva; are carried long distances by the wiial, 
and one might assume that the same is true of the gipsy-motli liint, 
as they are provided with similar hairs. 

A microscopic examination of one of these first-stage caterpillar- 
shows that two kinds of hairs arise from the tubercles which iir( 
arranged in rows on the body. Only a few slender acuminate Iniii!, 
some of which are nearly half as long a.s the caterpillar, iiiise finii 
each tubercle (PI. V), but many short hairs are present which have 
a small globular swelling near the base. Whether these aeroiilimt- 
actually aid in making the caterpillars more buoyant, ns is siig 
gested by the authors above mentioned, is not positively knowD, 
but it was of great importance to know whether dispersion is lutnalli 
brought about by means of the small larvae drifting in the wimi 


EXFEEIUENTAI WOEK. 

In the spring of 1910 a preliminary experiment was tried in il* 
laboratory by releasing caterpillars, which had been encouragei i" 
spin as much silk as possible, in front of an electric fan. Altkonj 



Plate IV. 



CROW'S Nest in Top of Pine Tree, Position Indicated by 
Arrow. 

olusU’rs nro frf<iiW'Tii4* found in <>r Jinmnd Mich 
nests, (t)rigiiiiil.i 



Fig. 1. -First-Stage Larva, Showing the Two Kinds of Hairs, Enlarge:, 
(Original) 



0 jrc;- - - — — 

Fig. 2 — a . Tubercle from First-Stage Larva, Showing Hairs; (j, Aerost-t.: 
Hair: Acuminate Hair. 

tt Miicli eiiljit-aMl. f<. r. nKir«- ciilariri-O. i ( 


GIPSY-MOTH CATERPILLAR SHOWING AEROSTATIC HAIRS. 


Plate VI, 



Pond to Test Avi.ation of Gipsy-Moth Larv/e. 
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BXPBEIMEffTS AT LINCOLN, MASS. 

|. very difficult to dctorjuiiie how far they might be carried 
1 such conditions, owing to the small size of the rooms where 
, ..vperinient was tried, it was possible in a few cases to secure 
, V iiiieiis which had drifted from 20 to 30 feet from the fan. This 
to an attempt to test the matter under outdoor conditions. 
\,iiingenients were made with Mr. L. H. Worthier, then assistant 
r of Massachusetts, whereby the tests would be made coopera- 
(jv, with the department which he represented. Supplies and 
,,..i-!:ince were furnished by the State, and several men employed bv 
111,. Itureau of Entomology attended to certain parts of the work. 

valuable suggestions were secured from Mr. Worthley, and 
froiii Messrs. D. M. Rogers and W. F. Fiske of this bureau. In carry- 
ing on the tests especial credit is due to Mr. C. W. Collins, who 
in many of the experiments; to Messrs E. A. Proctor, J. V. 
^diiilijior, and K. W. Brown for assistance and suggestions; to Mr. 
H. ]!. Gooch, who constructed the screens and apparatus used- to 
Me-r-. C. W. Stockwell, F. II. Mosher, and John E. Dudley, jr.j'for 
Iidpfiil suggestions and for recording data on scvcj-al phases of the 
wii-k: and to Measrs. H. S. Barber, Melvin Guptill, H. A. Preston, 
iiinl W. X. Dovener, who prepared the photographs and nccompany- 
iiii; illustrations. Suggestions which had a practical tearing upon 
the It'^ts were made by those mentioned and by many others con- 
mvted witli the work at the parasite laboratory, so that all have 
contributed to the results which will be given. 

For tlic weather conditions in Massachusetts we are indebted to 
Mr. J. W. Smith, district forecaster of the Weather Bureau. United 
.stiites Department of Agriculture, at the Boston office. Data have 
iiho been secured from ItK-al forecaster Edward P. Jones at Portland 
.Me,, iincl from local forecaster E. C. Vose, at Concord’, X. H,. who 
have very courteously allowed the records of their offices to be freely 
used. 

Plan.s were made to carry on sevei-al experiments out of doors as 
soon as the caterpiUars began to hatch, and for this purpose a num- 
ber of favorably situated localities were selected. In each case a 
sereen of galvanized-iron wire was attached to a wooden frame and 
after the netting, had been treated with a thin application of tree 
tiiiiglefoot It was set up so that caterpillars were likely to drift upon 
It if carried by the prevailing w-ind. 


BXPEKIMENTS at LINCOLN, TWAgg 

e . he center of Sandy Pond, Lincoln, Mass. Two screens, each 12 

n cros''^Tr ^ as to foyip 

about lirch?"^“" Tv poultry wire having a mesh 

m diameter. The woodland surrounding tips pond was 

Bull. 119-13 2 
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moderately to badly infested with the gipsy moth, and i, 
pected that if the young caterpillars were carried by air < iii rcii,. „ 
would be possible to secure some of them in the tanghihot ,v|ii,i^ 
was applied to the wire netting. The pond is about a mile und |u|, 
long and three-fourths of a mile wide, As there are i,vo 
islands on which brush and sprouts were growing near tli, ive., 
an attempt was made to anchor the raft as nearly as posMlilc jt j 
point midway between the islands and the opposite shore. 
wa.s constructed April 25, 1910. and an attempt was thi n ^ 
anchor it in the center of the pond. Owing to the high w,,,,! i, 
found impossible to do so, therefore it was anchored neiii- mu. „[ 
small Islands, where it remained until May 2, when the amhoingi. 
changed to the center of the pond. On this date the .scieeiis iv(i, 
examined, but no hirvic were found in the tanglefoot. 

On May 9 the pond was visited, and it was found tlint the r,f| 
had drif(«l from its anchorage to the shore at the northcnsleni f,,,! 
of the pond. Infested woodland was present within 200 yurils i.f 
where the raft lodged. The tanglefoot was examined, but m. 
pillars were foiiiid. Owing to the strong wind it was iiiipossibk- 
tow the raft to the center of the pond, so it wn.s iillowed to I't.iiuiiu 
where it was found. 

Oil Juno 0 a visit was made to this trap for the purpose of mnliiiif, 
(lie filial examination and disnlantling it. A single catei'pillai ivm 
found in the tanglefoot, which proved upon a careful e.xiimiiiatii.ii 
to be it first-stage gip.sy-inoth larva. Owing to tlie difficulty of tlioi'. 
oimhly examining the wire screen, because some of the tiuigls 
foot had become rather hard and also because of the pieseiicc of 
•in innumerable number of Micro-Diptera and other small iiiserti, 
the screen was taken from the wooden form and brought to iIk 
laboratory, where later in the season it was cut up into ^iiiall oiniis 
and thoroughlv examined. This work was done by Mr J. 1 . 8chati- 
ner and Mr Kmefv Proctor, but no other gipsy-moth ciitorpilliir- 
ivere found upon it. During the first part of the expeniiiom tin 
weather was cool, which probably resulted in the young hii vio n.ov 
mg about but little, and this may explain why more eaterpilhu 
were not caught in the trap. Attention should be cal e,l to the Miie 
urea of screen which was exposetl. and in the light of tiitmv expeu- 
iiients it does not appear .strange that no more cateipiUius ren 

secured. 

EXPEBIMENTS IN LYNN WOODS, MASS. 

It did not seem practical, however, when the 
planned, to attempt to settle the question by making 
other screens were constructed, .and one made m a ■ 
to the one used on the raft at Lincoln was placed on top ot 
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vaiion toAver at Mount Gilead in the Lynn Woods. (PI. VII ) 
'll,,. ;,iins on these screens were 10 feet long and 4 feet high The 
,vas placed at the top of a tower 50 feet from the ground and 
. fiilh -25 feet above the tops of the tallest trees. A few caterpillars 
„ eiv ftH'dlng on April 29, the date when the trap was installed 
2 li,. object of this e.xperiment was to determine, if possible 
,vhclliei' caterpillars eonld be caught high in the air. The woodland 
„irroimding this tower was badly infested, and later in the .season 
,1 considerable area was completely stripped of foliage. On Mav 4 
il,(. tiai) was e.xainined, but no caterpillars could be found V hrce 
,„.,.,.e„tage of the gipsy-moth caterpillai-s had hatched, but most of 
I;„Tir were still on the egg clusters, although some were feeding 
TIk. ivcatlier was cool, and only a slight wind was blowing 
Tlic trap was examined on May 7, 11, 16, and 17, but no caterpil 
krs c.iuld be found. On May 28 another examination was made 
,vith tlie .same result. In woodland the caterpillars were now in the 
,ecoiid, third, and a few in the fourth stage. The weather was cool 
,„„1 very few were spinning down from the trees. On June 7 another 
,.vamiiiali..n was made, and on the 13th the screen was moved and 
brought to the laboi'atory, where it was examined later in the season 
by Messrs. Proctor and Schaffner, but no gipsy-niotli caterpilhii's 
ivero found. ^ 


EXPERIMENTS AT CLIFTONDAEE, MASS, 

.Viiother experiment was conducted near Cliftondale. Mas.s Per 
mission was secured to drop wire screens, which liad been' tangle- 
looted, from the sides of a high water tower (PI VIIJ) the old 
8augus race track, which borders a large area of salt marshes These 
sreeiis were manipulated with ropes and pulleys in such a way 
at they could be raised and lowered in order to make examinations 
On one side of the tower, to the eastward, no trees were growing 
01 a distance of about 2 miles, and the nearest trees in anv direc 
don. c.xcept for a few willow sprouts growing alon<T the edtre of tl 

». .»i. .hick .4 ("jj' 

;!(! ]()in 1 . * ^ J)Ihc 6‘(1 in po.sition ^nril 

»neens'o, die'east sfie^ofT J of the 

% a stock 5 IT- On 

idea being 0 ii ; Tn '"r 

i>.'- ‘i'e wind to the tan^wT carried 

the tanglefoot screens. No caterpillar were found 
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on the screens as a result of this liheration. When the , 
were started it was planned to examine- thoroughly a f v nJi''' 
sprouts, which were growing along the race track not fm !' 
water tower, but bn account of the pressure of other win tlij. 
neglected. In making an examination of the screens iliw 2 s i| 
found that several old egg clusters and a considerable luninj. 
caterpillars were present on a clump of willow sprouts iil ■..in , ' 

from the screen on the west side of the tower. Ih spite o| ihj. ' 
ever, no caterpillars were found on this screen during ; ^ ^ ' ' 

There is a bare possibility that the caterpillar found mi i|,(, 

on the opposite side of the tower may have come from so || '^ 

willow sprouts, but it is doubtful whether this is the , ns,, j, 
screens were removed June 13 and examined at the liilinimnn. 
ihe same manner as those already mentioned, but no otlui, 
pillars were found. 

The foregoing experiments were carried on under nmniiil cuiuj 
tions and on a large scale, and in addition two other te.-t> wn-e 
by Mr. Mosher. One large screen was built in tlie form „f 
the same a.s the one placed on the tower at Mount Gilead, it wa. .,,t 
up on land at Manchester, Mass., where the fore.st had recent ly Ijecn rut 
Large trees surrounding this area were badly infested with the 2 i|,,v 
moth, and some additional data would probably have been .eeiiir! 
from this experiment if a forest fire had not' run through the mu 
where it was conducted. 

Another raft was constructed at Chebacco Lake in hssex. 
similar to the one used at Sandy Pond, but owing to bad weiitlier aiii 
high winds it was impo,s.sible to anchor it securely in the ei-iiternf 
the lake until it was too late to secure the data desired in the expui- 
ment. Before these tests had been carried very far it iippeiirtil 
desirable to check up the results in a more definite way. anil in oiihr 
to do this a series of experiments were, planned, which were raiTid 
on by Mr. C. W. Collins and the writer on the salt maislies (PI, IXi 
between Lynn and Revere, Mas.^. 

EXPEBIMENTS ON LYNN MABSHES, MASS, 

A box of egg clusters containing many newly hatched larva "a- 
attached to the top of a pole about 6 feet from the gronirl, TL:- 
point was used as a central station and was half a mile nr iiiuie Ireia 
any tree or tree growth. One end of the box (PI. TX. tig. Id r* 
taining the egg clusters and caterpillars, was partly cut mwi} "itwi 
knife, while in the other a small hole was made, to a!lo« the wind ir 
blow through the bpx. Small screens, 2 feet wide iiiul i' W ' ^ 
long (PI. X), were attached to stakes which were slun |wneil .-o H!' 
they could be pressed into the ground; so that when 
were set up they were about 5 feet above the ground. n.' 



Plate vii. 








Bui. 1 19, Bureau of Er.tomolo^y, U. S. Dept, of Agriculture. 
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iiir 

it u;i- 


,1 with tanglefoot and were placed in the direction toward 
ihc wind was blowing, the idea being that if the caterpillars 
:„,vn from the box which was set up at the central station sped 
i^lit be caught on the screens. Owing to the variability of the 
d the continued chances in thp xi. • , 


uii- 

V;ili 


- -- — — • uie variability of the 

l•(‘ilts iind the continued changes in the direction of the wind 
,„„ia lietter to use three screens, which were set up at distances 
, from SO to several hundred feet from each other but all at 
I distance from a central station. On May G a single Screen 
„|, SO feet from the central station. The wind wa« light and 
. hut 10 minutes after it had been placed in position a cater- 
jiillai ' IS caught. At the e.xpiration of an hour five caterpillars 
„rtv i'"iui(l on the screen. ^ 

I, u then set up 100 feet from the central station. Four cater 
pill, os .' cce caught iii a short tune. On the following day two extra 
'vere made in order to jirovide for changes in the direction of 
1 ,, wiial. During tlie day two caterpillars were caught at 150 feet 
«■„ ai ”00 feet, one at 250 feet, and one at 300 feet. On Mav 10 one 
,,«iiillar was caught at a distance of 3.50 feet from tlie' central 
(Hti.iii, after the screen liad been exposed for 3^ hours. On Mav 11 
calcrp.llar was caught 500 feet from the central station after 
his screen liiul been e.xposed for about an l.our. The screens were 
I,™ p. up 0,00 feet from the station, and 30 minutes later two 
lucvpillars had been caught. Two of the screens were, then set ^ 
til) feel from the station and remained there until late in the'afte, 
..nn, I,ctoro leaving for the night the remaining screen wns set n. 

‘ 'vind and at a dfstance. which late? 

rmed lu he 1.833 feet, from the central station. On the following 
1 . 1,1 iig a ca, terpillar was found on the last-mentioned screen. 

I pit -If hrst-stage caterp.Ilai-s being practically exhausted on th 
uc. «c uere obliged o .liseontimie the.se experiments, but the screen 
CIO iviiioced to aiiotber point on the marsh and set m si j 

htiiiiccs of onc-foiirtb mile. 1.800 feet. 2,300 feet and 2 800*Tf 

: '■'■"'I. R.'ve.,, M.«. Tl,i» i, , 

M'lcral acres .surrounded bv salt m-n-ci, . n * sVl 

tested with the gipsy moth, and owing to its proxhifitv to 
.■ .growth of the larvm i.s cousiderabh letardr ? w‘ ? iT" 

;■ I. :s .t""" " 

it was Is ibir high 

>t "1 the da V Tl, tu ‘T’ - * '*' *^-'^P«''‘nients during only a 

iu tid; re^I^irrem """ 

= currents. The gipsy-moth caterpillars are not 
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vejy active unless the weather is warm, and when the 
were conducted on cool days it was necessary to st 
which the egg clusters and caterpiJiars were confined 
more of the larvae from the open end and induce them to 
toward the ground. If a strong wind was blowing at the r 
would be caught up and blown away, and occasionally it ^ 'K' 

to see them drift 20 or 30 feet before they passed from \ 

I gives a summary of the data secured in these experimenti * ' 




Tabi,e I. — Direction and refori/p of trmd. at Lynn ^fnrxhcti !/,,» 

to l >. 1910. ' ■■ 5 



Screea«. 

Wind. • 


rtitle. 

Na 

1 ! 

Difttance 

from 

station. 

Direc- 

tion. 

Average 

velocity. 


idm. 

! 

■ Fnt. 


Miks 
per hour. 


Mav (i 

1 , 

i 50 

MW. 

11 : 

Wi 

f-1 ; 

fjt'loT!) 

Do 

1 ! 

! 100 

.MW. 

U 1 

Xlav 7 


150 

SW. 1 

H lo 17 i 

Do 

3 ' 

200 . 

SW. 

14 to 17 : 

Do 

H i 

250 i 

8W. ; 

14 to 17 ! 


Do 

^ i 

300 

SW. 

H to 17 i 


Mar 10.., 

3 : 

350 , 

SW. 

IS to 23 : 
1.^ : 


Mny 11 

3 

500 

SW. 


Do 

3 

600 

SW. 

W. 

lo 

till ' j 

Do .' 

1 i 

1.833 

W. 

7 to 19 , 

ollniiti I 


Tlie temperature records and velocity of the winds were seciiml 
through the courtesy of the United States Weather Rmean at Rosiuii, 
The notes that were kept on the marshes show’ that the direction 
of the wind varied slightly from the Weather Bureau records, ni;l 
the former are given above. In other respects there were probablv 
minor differences, but they would not affect the result to miy gicai 
extent. It should be noted, however, tliat on none of the days iiieo- 
tioned did the wind maintain a velocity which was at all constaat, 
and changes in direction were sudden and variable. This added to 
the difficulty in carrying on the experiments and made it necosarv 
to change repeatedly the location of the screens. Tlie most ckti 
were secured on May 7, and, by referring to the table, it will be noted 
that the weather wa.s warmer than on any of the otlier days ivliea 
tests were made; also the direction of the wind was more constant, 
These experiments indicate that the best opportunity for tlie (In- 
persion of gipsy-moth caterpillar’s by the wind is when the temiwn 
ture is above 65° and the velocity of the w ind over 15 miles an hour 
They further show that the young larvm of this insect can be fit 
ried by the wind a third of a mile from a point less than fi feet above 
the ground. Thi.s being the case, there is an opportunity for est®' 
sive natural spread by the wind. It i.s not necessary for the velocit) 
of the wind to remain constant, as there is doubtless much dispersion 
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siidden squalls or sharp whirlwinds, provided the tempeva- 
Jii,,. high enough to cause the caterpillars to become active. Earlv 
II, liie spring it is quite common to see papers or leaves caught up 
l„. .,,cli winds and carried several hundred feet in the air. This 
„f,, M lesults in these objects coming in contact with strong ciirrent.s 
l„oi, above the earth and being carried many mile.s before fallinn- 
|•,„;„l,h(edly the same thing happens when caterpillars are sus- 
from the trees by the silk which they spin, although abso- 
]i,i, |,ioof of this point is very difficult to secure. Several other ole- 
Iiiive an important bearing on this matter, such as the density 
„f iiil'cstiitinn and the quantity of silk which is produced bv the first- 
larva'. 

aUANTITY OF SILK PRODUCED BY FIRST-STASE GIPSY-MOTH 
LABVa;. 


A record is given on page. AAl ot tl.e report on tlie oipsy „,otl) 
|,v .\tes,si.s. Korbush and Fernald, of the quantity of silk prod'uced bv 
tlrst-.stage gipsy-motli larvm. The data were secured bv inducim. the 
l.u'Vic lo commence .spinning, after which the end of the threaef was 
;,tta(lierl lo a reel, and the quantity produced was determined bv 
aniliiplyuig the circumference by the number of revolutions which 
It was (limed. In these experiments newly hatched caterpillars nro 
, lured (be following quantities of silk: 4 feet 6 inches, 9 feet 7 inr 
:!s feet 2 inches, and 69 feet 4 inches. Older first-stage caterpillars 
spun: .13 feet 2 inches, 24 feet 2 inches, .3 feet 2 inche.,. 6 feet 4 inches 
I feel, 2,1 feet 3 inche.s, and 22 feet 6 inches. The record indicates 
ihiit some of the caterpillars could not he induced to .spin bn from 
( e figures given the quantity of silk spun l,y newlv liatched fir ™ 
.91, go caterpillars ranged from 4 feet 6 inches to 69 feet 4 inches 
giving an average of 30 feet 3 inches, while for caterpillars in he 
same that were a little older the record wa.s from 3 feet 2 inrlm 
to .ri teet 2 inches, giving an average of 23 feet <S inche.s 
These experiments were i-epcated in the spring of'ihll An at 

ri:: ir 

inimj tm totrm“"'’ "'r ifl! 

"P Ihe attachment on^the red ^The "awling 

it is quite common to find i 

tl>^' trees bearing a small mas f suspended 
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tion will show that this consists of silk which the larva 

and it is probable that this adds to the buoyancy of the in-i , t if jj"' 

caught up by the wind. ' 

As the method of using the reel gave very poor result-. 
of experiments were carried on by Mr. C. W. Stockwell i:, tlip |,|| 
oratory. He induced the caterpillars to spin, and attached i n, 
to the end of a stick 1 yard long. As the insect lowered iic.e]f 
thread was measured with the stick by raising and invertini; jj 
thus the larva was prevented from spinning to the floor of t|,(. 

In the fi.st set records were secured from IS newly hatched Lm,! 
that had not fed. The quantity of silk spun ranged froiu ; 
inches to 2.5 feet 6 inches, averaging 17 feet. Fourteen rcvov,]^ 
then secured from larva; 3 days old, and the silk ranged from jj 
feet to 63 feet 5 inches, with an average of 31 feet. 

The results of fhe.se tests show that there is much individual varjj. 
tion in the quantity of .silk that caterpillars will spin, and it isproi,. 
able that under favorable outdoor conditions much luoie 
be produced than is indicated by the averages given. 

If 20 to 30 feet of silk is spun by a larva it will midouhtedly hel|i 
it to remain in the air in case the thread is broken by the wind, iiul 
will probably add buoyancy to the insect and thus ijimuisc tlie di,. 
tance that would ordinarily be covered by wind sjjreitd. 

BEIATION OF TEMPEBATlfBE TO HATCHING OF EGGS. 

Temperature has a very important relation to the hiUchiii'r nj 
insect eggs; hence the time of larval appearance varies from yeurlo 
year. Gipsy-moth eggs begin to hatch the last week in .Vpiil, liu 
the hatching is often deferred a week or more. Owing to tlio wam 
weather in March, 1910, hatching took place in the field as enilv as 
April 3, but the bulk of the eggs did not hatch unlil iiiiicli later. In 
the case of the gipsy moth— and the same principle governs in tin 
case of other insects which winter in the egg form— it is possible to 
secure hatching in the winter if the eggs are kept in it warm inmi. 
The length of the period of high temperature which is rcqiiireil to 
hatch them varies with the season of the year. For exaui|)le. gipw- 
moth eggs collected late in December and kepi at a lemiicratnrf ot 
from 70° F. to 80° F. will hatch in about 15 da,\s. while if tlif 
same collection is made in March hatching will take place in iilmnt 
half the time. This shows that as the normal time for hatching ap- 
proaches it requires a shorter period of warm weather to lirmg o«t 

the larvae. ■ . , 1 , 

During the past four years the first date of finding gip;}-® 
larvae in the field in Massachusetts was, in 1908, April ‘i-f ; IhOi).. F' 
22 ; 1910, April 3 ; 1911, April 28. The data for 190H were hinin» 
by Mr. W. F. Fiske. The other dates were secured from field rop" 
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„ ,l, to Mr. D. M. Rogers. The hatching thus recorded took place 
localities which became warm very early in the spring, but this 
,,,, ,,.c as a basis for comparing the temperatures. 

I he entire period of hatching asually extends over a month. In 
in some parts of the infested territory where the summer season 
j. - ..,rl. owing to the high altitude or to the northern latitude, the 
,,c.,l is considerably longer. 

Ml-, Henry L. McIntyre, one of the general foremen in charge of 
^volii: for the Bureau of Entomology, informs me that several 
died gipsy-moth egg clusters were found July 1 1910, at 
liciidon, Ma.ss., by scouts who were working under his direction 
lusters were well formed and were apparently fertile, although 
lint was not fully determined. 


pi 

mill 

imli 
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II,, also reports that in the spring of 1908 he found egg ma.s.se.s 
ii, maple .swamps near Portsmouth, N. H., that had not hatched on 
jiiii,. In. In 1909 he observed several egg clusters that had just 
hatdicd in a stone wall at Gilford, N. II., on June 4. 

Tins shows the variation in time of hatching in different localities 
1111(1 situations, but it is exceptional for hatching to take place after 
June 1. Additional data on the dates of hatching have been fur- 
nished liy Mr. F. A. Bates, who has for many years been prominentlv 
CMinei-ted witli moth work, and from various other careful observer^ 
The accompanying diagram (fig. 1) shows the range in tempera ’ 
tiires for 20 days preceding and 10 days following the first report of 
hutching for the years 1908 to 1911. It will be noted that in 1910 
when hatching was recorded April 3, nearly two weeks of warm’ 
weather immediately preceded hatching. In 1909 the warm weather 
was iiiterruptod by several cold days, while in 1908 and 1911 halchim. 
tiKik place during the only warm period that occurred in the month 
11ns lust record shows the tendency of the eggs to hatch at the first 
oppiirt unity as the season grows late. 

EFFECT OF TEMPERATURE ON ACTIVITY OF URViE. 

As the activity of the caterpillars after hatching as well as their 
cmeigence from the eggs depends upon the temperature several ex 
-mciits were made to determine the temperrture rt ThS h" 
J are most active, since it is obvious that little distribu 1 bv 
-nd -^d be possible unless the larvre were active during S 

Griins Fol-'^dls^Du 'aboratory tests were made bv Mr. 

it being a—d^*^ eonstant-temperature incubate; was 
«!?>lated the heat Siedr .\'''‘^-^‘'“‘ ‘^ermostat which 
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( 1,1 May 3, 1911, 1,500 gipsy-moth caterpillars, 12 hours old or less 
placed in a glass battery jar, which in turn was placed for a 
( time in the laboratory yard where the temperature was 4G" F 
Xlieiv was no activity, and later, when the jar was placed in the 
l„i-o,nent where the temperature was IS” to .50° F., the same result 
„ observed. The jar wa.s then placed in the incubator and the 
following notes were made by Mr. Collins; 

T|,o temiierature w.as held at degrees n.eutioiied foi- from 10 (n •>,) niinnte,: 

,v I-. .\o motion unless larval were disturbed; then it w.is verv sli..ht 
.-.f F. .No motion in mass of larvae. Trvo crawled inches ' ' ^ ' 

F. No motion in mass of larvae. 

,, .X« motion in n.ass of mrvrn. Two have crawled 1 inch in 1 „ .ninntcs 
i; .No motion .11 mass of larvm. Two have crawled fi indies ; two 4 

iiy I’. No motion- in mass of larv.f. Fifteen lanve cniwli.m , 4 i,.,i • 
.invinl lh.it hml heon spun. One spun 1 inch and crinvleiT „p. Onrtnn 
1 iiifii. 

■ lU- 1-. .Motion in mass noticeable. Fifty tarvm crawled activelv ,a few spin 

,i,f F. .llotion in n.ass more noticeable. One Intnilred larvm crawling a few 
Niniiiiiiiji short rhread.s. 

(IS" F. .Mass of iarvm active. Eight larva, have each spun 7J inches 
70 F, .Miiiost evciy larva moving. " ’ 

72" F. Caterpillars all ctawliiig about and sprending freelv 
74® F. Many spinning and hanging by tliroatl^. 

F. Jsiirvjp. very active and sninning, 

_J8"P. Halt Of the larvte have crawhal from ,ar. .4,, active. They spin 

SO® F. Active and spinatn,g froelv. 

S4“ F. About the same as SO®* F. 

S8“ F. Possibly a little more active. 

02^ F. Larvie crawling and spinning more rapidly 

veryD,st. spin iitfe. 

no- F !“ «-'<• ^Pinnhitr 

^-»aIor was 

"eie not very active. The temperature n ^'Ti *™“'b .'md the remainder 
f. lanie bevinie more adiT^m h ■ “0” *'■ At 

^.;owed the effects ’of ih/X^lS 

i™-.” 

liiboratoiT. No motion woe ^ ^ ‘™.vs at the 

‘0 62“ F (C f the temperature 

«awltng f,.«,ly, and activity incased as the temperature 
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On May 6 a large tray of caterpillars was placed in 
direct sunlight and the temperature rose to 100° F. This : -iiiif,] 
abnormal actirity, and many of the larv» spun a consider M.e ' 
tity of silk. 

In order to check these experiments, Mr. Collins made ; sei io. ,, 
field observations in woodland in Melrose, Saugus, and lUniiini, 

FIELD OBSEBVATIONS. 

May lii, 1911, visited woods cast of the laboratory at Melros,' , 
which had been badly infested and partially to whoily defoliate<l m *' 
1910. Infestation not as bad this year. At 9B0 a. m. the tempei, lure 
sun was 92° P. ; in the shade, 84° F. ^ 

All eggs have apparently hatched, and the caterpillars are in tlu. 

There is plenty of foliage. Very little spinning was observed, in ih,. uftstii.ig 
of the same day visited badly infested woods in Saugus. Temiieiutinp iii;- p 
in sun; 84° F. in shade. A strong wind was blowing, whiuli 
northwest to southwest. First-stage caterpillars were spinning some. It , 
branch was shaken, they would spin down and be blown away. 

On the following day observations were made at Reading, Mass, 'j'lic tmi. 
perature ranged from .85° F. in the sun to 79° F. in the shade; ilic iviiiil wj, 
west and southwest, but rather cool. First-stage eaterpllliifs were (loiin, 
steadily and spinning freely. Twenty very small first-stage lanie ami mu tiai 
were nearly ready to molt were observed spinning down from a wliitp naii'iini 
Threads from 2 to 4 feet long were noted, but it was very difBunIt lu (li.|,.ii„in 
the quantity of silk siniii, as it is almost invisible. A considcralile (jiiantiij- 
of silk was noticed among the small twigs and branches on this irw. ilieref»t( 
it is evident that frequent spinning had been attempted by the liinm, 

Although few field observations were made to deteniiinc the tem- 
perature at which gipsy-moth caterpillars are active, it is evident tliai 
the results do not vary greatly from those carried on in the Iniioni 
tory. Experiments show that there is practically no activity when llie 
temperature is below (10° F., and that only a part of the cnteipilliu- 
move about at 65° F. .\bove this point actirity increases rupidlv. 

EEIATION OF ACTIVnY TO THE SPINNING OF SIIK. 

The above experiments show that the activity of the calerpillari 
is governed bv the temperature, and it is obvious that the .spinniM 
of silk depends largely upon the activity of the hirvie. and lifi« 
upon the temperature. There are other factors, liowevev. (hat eiiii'r 
into the problem, and these must be considered with the clement of 
temperature. They are : 

Location where eggs are deposited. Condition of food plaiils. 

Degree of infestation. Direction and cliarnfler uf tlif 

Kind of food plants. 

lOCATIONS WHEEE EGG CLUSTEES AEE DEPOSITED. 

The egg clusters of the ppsy moth are not always depodtel 
the plant which furnishes the food for the previous 
fact, when the caterpillars are nearly ready to transform they o^. 
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F(G. 1.-FEMALE GiPsy Moths Depositing Egg Clusters on White-Oak Tree neap 
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Oak Thee Showing Gipsy-Moth Caterpillers Spinning to the 
Ground. Position of Larv/e Indicated by Arrows. 
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WSIANCB FIftST-STAGB LABV^ CAN CRAWL. 


J)!ac(;s which are protected from the sun, and in such situations 
Li ilion takes place. The egg masses are deposited near the cases 
'.vliich the females emer^d. Hence it is seldom possible to 
liii.l -'g clusters on the upper sides of the branches or twigs of trees, 
'the lower sides furnish more protection and they are sought 
l/,iH caterpillars before pupating. For this same 'reason if is 
possible to find many egg clusters on tree trunks just above 
/Pi XT. filT. 1^. if fhora . 



possioie lu miu nmuy egg uiubiere on tree trunks just above 
tlif ^rniiiid (Pl. XI, fig. 1), especially if there is grass or other mate- 
,.ial \.iiicli would furnish protection. Many larvae, however, crawl 
fidin I lie trees and seek secluded places, sometimes at a considerable 
from their food plants, and rubbish piles, stone walls (PI, 
XI, lig. lumber piles (PL III), outbuildings, or other protected 

lire often found 

infested with 

' The liu-vie which 
liiiifh in sucli situa- 
lidii,- iinist of necessity 
liiiil siiitublc food if 
iliiy are to survive, 
ami the more traveling 
it i,-' necessary for them 
Indoto accomplish this 
purpose t li e greater 
(iiiince there is that 
di?perdon by the wind „ ^ 

»1I1 tol-o .-.lodc Fn.. P"P>> PKB clusters of sUpav 

cill take palace, for moth on stone foundation under woodwork of house. 

instance, egg clusters Arrows a indicate location of egg clusters; arrow 8 

:nv frequently depos- -c. torigiuai., 

ilerl beneath porches or on the underpinning of houses (fig. 2), where 
II IS impossible to destroy them without first removing a part of the 
hiiilding. After hatching takes place the larvs can commonly be 
loiiiul tvandering about in search of food. They often crawl to the 
I lofs of the buildings, and if they spin down from such a location, 
ihe wind ™ opportunity for dispersion by 

As a rule the location of the egg clusters and the di.stance that the 
Hnie have to travel for food are important factors, because hunger 
them to search for food, and activity is essential to dispersion. 

distance FIBST-STAGE LABViE CAN CRAWL. 

ni«!i'dii"'r'r"V“ '**’®t-stage larva; can crawl, as 

'■ 'V CO onier F ^^‘‘‘blishment of manv 

. latched larv* have crawled from 30 to 144 feet before 
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dying. The tests were carried on under laboratory condition^ \v| 
were unfavorable to the in.sects. ’ 

During the winter of 1911-12 a few experiments of the muik, 
were tried at the gipsy-moth parasite laboratory, and reconls i-^*' 
ing from 31 to 138 feet have been secured. The con(litio],s 
making the tests were very unsatisfactory, and it is prul niijp ,, ' 
newly hatched larvce, without food, would be able to crav.l. m i*' 
average, about 100 feet in the open before death would eii'-iie. p 
does not give the maximum distance that the majority nf [j,, 
could crawl, because many of them in going that distance wnny 
some foliage which could be eaten and thus would be enabled t! 
proceed farther. 

DESREE OF INFESTATION. 

The degree of infestation has an important bearing on 
When only a few egg clusters are present on a tree the larva' I, me 
plenty of food, and it is not necessary for them to mov.' aljoHt 
.actively. As the infestation increases the feeding conditions beconif 
more crowded, and, as a result, the larvje are disturbed and Iiirne 
numbers of them spin to the ground. In badly infeste<l places tlie 
air is sometimes well filled with a network of silken tlircads. ivliicli 
are made by larvae spinning .to the ground (PI. XII). and it is 
possible to see large nnmbers of them hanging from the trees. 

These conditions favor dispersion by the wind. 

KINDS OF FOOD PLANTS. 

At the time the gipsy moth first became noticeable in this country 
and caused so much damage, it seemed almost impossible to find 
plants upon which it would not feed. Many experiments were 
carried on witli fifth and sixth stage caterpillars, which were fed in 
glass jars upon various kinds of foliage, and very few plants were 
rejected, especially if the insects were supplied with no otlior food. 
The result,s of these experiments were published by Forbiish and 
Fernald in 1896. Since that time it has become gradually more 
noticeable that the larva; show marked preference for certain species 
of trees. This may be due to a gradual change of liabit. or (o tie 
fact that caterpillars which do not find food which is most suitable, 
although they may strip and injure the tree, may not come Ihioiigli 
to maturity. 

There is considerable difference in food requireinent.s of the .sn™ 
and the large caterpillars of this insect, the former not being al| 
to survive on some species of trees upon which the larger ones “i 
feed. The white pine is one of the trees of which this may be sai , 
and it has been repeatedly demonstrated that the first-stage lar's can 
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jiot li'C WP®" the case, dispersion by the wind 

I, is concerned chiefly with small caterpillars, is limited in its 
result- by the food plants which the young caterpillars are able to 
reach, and this depends somewhat upon the ability of the larv* to 
For instance, if caterpillars are blown by the wind and drop 
„„ e.iltivated ground or in pa.stnres, they must peri.sh on account of 
.,,„r,.i,c of food. Similarly, if caterpillars lodge in solid pine 
(Ph XIII' they will perish for want of suitable foixl 
In fact, the establishment of the pest in this way depends upon the 
being able to find suitable food. Either the larva' must be 
.,1 In- the wind on a food plaid that i.s favorable for their de- 
veloiiiiictd or they must fall within crawling distance of it. In many 
.ectionsid the eonntry the foliage is unfavorable for gipsy-moth food • 
hence colonies have not become established. ’ 

CONDITION OF FOOD PLANTS. 

The condition of the trees in an infested area has an important 
i-elalioii to the habitdy of the spread of the insect. Unfavorable 
fowl, coupled with warm weather, iiatiirally stimulates the activity 
of (he lurvic, and this increases the chances for spread. If there are 
.lea.l frees in the infested area the chances of wind spread of the 
himr from them arc greater than on healthy trees, as the caterpillars 
are unproteoted from the sim and wind and move about continually 
!i] search or food if the temperature is high enough. 

DIRECTION AND VELOCITY OF THE WIND 

Of all of the facto.^ thus far enumerated perhaps no one is as 
important with regard to dispersion as is the wind. The others 
may be regulated or controlled to some e.xtent but it is impossible to 
J this Mith the wmd. For instance, it is po.ssible to reduce the in- 
tostatwii 111 any area so that wind spread is nearly precluded because 
• .s dependent upon the factors which have been mentioned, which 
the exception of temperature, can lie controlled ’ 

Irihi!”!!;'' boen ihTftT'*"'-'' 

molhsareflvino was from tT'"‘ '"u 

“l)arL,atlea,st"of tt' i*' is evident that 

die wind. It is also true thlTrh^ «rea is due to the action of 

'hiefly from the o, if ‘his wav. is 

''■“d direction for "J dlf -"""a T' ‘he record of 

tor 20 days i„ April and May, when the temperature 
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was highest, during the years 1902 to 1911. Table III 
wind direction during the same number of days for the 1 oa\ i st 
maximum temperatures. 


I'wvs tli, 
of (he 


Table II . — Direction of iri'iMi during 20 dags of highest temperai ■ 
and .Uflj/, }902~I!H1. (From records of the United States IVnr e 
at Boston, Mass.) ' 'Oo'-n 


Bate. 

Temper- 

ature. 

Direction 
of wind. 

Bate. 

’l’Cni'hr'rr~TA~'''^ 

a,,-,.' 


“F. 



a ’ ‘ 

Apr. 22, 1908 

RS 

SW. 

May 22, 1911 




SW. 

Mav 23. 1902 

f'.' IV 


63 

W., NW. 

Mav 18. 1903 

vs 

Apr. 30, 1903 

83 

S. 

May 19, 1903 

ss IV 

Apr. 19, 1909 

83 

SW. 

May27,19Ce " 

f:\v 

Apr. 27, 1911 

80 

w. 

May 29, 1911 

'W 

Apr. 28, 1911 

79 

w. 

May 26, 1904 

^ MV 

Apr. 29, 1911 

79 

NW., 8E. 

May 26, 1908 

>IV, 


78 

aw. 

May 21,1911 

f'' MI, 


7fi 

SW. 

May 19, 1906 

^'IV 

Aim-. 29,1902 

7S 

s.,w. 

May 31, 1908 




SW. 

Mav 24. 1910 

Ml ,<\V, 


TT 

w. 

May 28. 1911 

MV, 


73 

SW. 

May 24,1904 

MV, 


73 

NW'. 

May 11, 1911 

!'•’ 51!'' 


72 

SW. 

Mav 24. 1902 




w. 




72 

w. 

Mav 21. 1903 


Apr. 23,1902 

71 

E., SW. 

Mav 22 , 1903 


Apr. 28,1902 

71 

w. 

Mav 12, 1908 








Table III.— Hiirc/foii of wind during 20 dags of lowest temiirntnrr (n i,.;i 
and .Vug. 1902-1911. (From records of the United States 'iynitiicr it,mm 
at Boston, Mass.) 


Bate. 

Temper- 

ature. 

Direction 
of »'inU. 

Bate. 

I'emper- 

ature, 

( 


^F. 

35 

NW. 

May 2, 1903 

‘K 

a 

44 


35 

W. 

Mav 3. 1907 


36 

E. 

Mav 1,1909 


NW. 

Muv 7. 190S 




N., W. 

aMoVs, 1903 



38 

N. 

Mav 17, m... 



3$ 

E. 

May 22, 1909 




N. 

Mays, 1910 


Apr. 10, 1910 

39 

\v. 

UayJ, 1911 

47 

Apr, 3, 1908 

39 

W.,NW. 

May 28. 1906 

4S 

Apr. 4,1911 

39 

SE. 

Mav 2, 1907 

4^1 

Apr. 23, 1911 

39 

NE. 

May 4, 1907 

4'J 

Apr. 16, 1903 

40 

NE. 

Mav 7, 1907 

41! 

Apr 16,1904 

40 

NW. 

Mav 27, 1907 

49 



N. 

Mays, 1908 

49 

Apr. 30, 1909 

40 

NE. 

Mav 4, 1910 

49 

Apr. 1,1911 

40 

W. 

Mav 3, 1902 

30 , 

Apr. 9, 1911 

40 

N. 

May 15, 1904 

30 i 

Apr. 10, 1902 

41 

N. 

May 16. m 

50 1 

Apr. 9, 1906 

41 

SE. 

May n. 1906 

30 i 


A glance at these tables indicates that in April, 'vlieii the tem]if™- 
ture ranged above 70°. 16 days out of 20 the iviiul vuiieil beti'ea 
south and west. For the same month during the low tcmiieriifw* 
the wind ranged between north and ea.st for 10 days out “f ^ 
Corresponding figures during May show that for 18 diiys out u - 
the wind was from the south and west, and for 16 days out o 
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,vnKl was from north to east. For the years mentioned, when 
„-ere bad woodland infe^ations in Massachusetts, the wind 
the hot days was usually southwest, which would be Zt 
for the spread of the insect into the region where it hi 
^incc lioen found m scattered colonies. 

■ The relation of temperature and the direction and velocity of the 
,vi,Kl are intimate, as shown by the table-s which follow 
It ha. been stated that wind spread is possible when’ the tempera- 
,i„e ,a^ recorded by the leather Bureau is as low .,s 60 ° hi 
in,, ease in temperature makes the chances of spreading grlel 
Tables lA and give the direction of the wind for tbp^Ilff 
years, at the Boston AVeather Bureau station when the temn 

or higher, and the wind velocity 10 miles per hoi r n '^^ ^’’^ 
In all cases where the temperature is 70<= F. or aLve italicltT*'' 
ind figures are used in the columns of the table <rivin(r’tbe tc 
„,.,I „w.„ o, 
md figures are in lioman. 

mheW— T emperature and dheethn and relocilu ni ^ . 

m of m-moth c«(o!X, hatch. 


(Data Irura U. s. Weather Bureau at Baston, Mass.) 





ife. 


oa. 


■ 28 

AM 

29 

AM, PM 

30 

AM.. 

10 

AM.. ■■ 

11 

AM... ■ 

12 

AM 

13 

AM.’" 

11 

AM.. ■ 

Ij 

AM. 



24 liours. 


’'aSr'l 

atun.. I of wind. of wind. 
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S 

NW.. 

SW.... 

S 

S 


S 

E 

SE 


I .^fiks 
' per hour. 
13 
19 

, ^ 

19 
13 

i 

iO 

' 18 

10 
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Table IV. — Temperature and direction 


velocity of tcind, ef,- 



18 

19 

20 
21 
22 
23 
26 

27 

28 

29 

30 

1904. 
Apr. 10 

30 

May 3 

4 

5 

7 

8 

10 

U 

12 

17 

20 

21 

22 

23 

24 

25 
2fi 

27 

28 

29 

30 

31 


AM, PM 
AM, PM 
AM, PM 
PM, AM 
AM, PM 
AM, PM 

AM 

AM 

AM, PM 
AM, PM 
AM, PM 
AM,.... 

AM 

AM 

AM 

AM 

AM, PM, 
AM, PM. 
AM, PM. 
AM, PM. 

AM 

AM 

AM 

am 

AM 

AM, PM. 
AM, PM. 
AM, PM. 
AM, PM. 
PM, AM 
AM, PM 

AM 

AM, PM 
.AM, PM. 
am, PM. 
AM 


y]v' 

sw. ■■ 

s II 

jvir 

NW. 

S.. 

Sir 

Sir.' 

N.. 


sw 
x\v 
sir.,' 
sw... ■ 

s ■■ 

w 

sir;::'" 

sir., 

E.... 

E.... 

SE...."' 

Siv.. ■ 

w.... 

s 

s 

ir 

sir... ' 

sir.,,, 

Ml'...., 

w 

s ir. 

S 

SE 




1905. 
Apr. 10 
20 
21 
26 
30 

May 3 
6 

7 

8 
9 

10 

11 

19 

22 

24 

25 

26 

27 

28 

29 

30 


11 a. m. to6 p. m 

1 10 a. IQ. to 4 p. m 

11 a. m. to 5 p. m 

10 a. m. to" p. m 

1 to 5 p. m 

4 to? p. m 

i 8a. m.tolip. m 

7 a. m. to 8 p. m 

3 to5 p. ra 

11 a. m. t(>2 p. m 

1 to 5 p. m 

10 a. m. to2 p. m , 4to8p. m. 

10a. m. toO p. m 

U a. m. to 4 p. m 

4 to 6 p. m 

9 3. m. to 6 p. ID 

7 a. Cl tolOp. ni 

2 to 7 p. m.,9to 10 p. m 

10 a. m. to5 p. m 

8 a. m. to 9 p- m 

4to 5 p. m 


1906. 
Apr. 27 

29 

30 

May 1 
2 

3 

4 

5 
9 
12 
13 
15 
IS 
19 
22 


I to 6p. m 

4to 6p. m 

II a. m. to 12 ra 

12m. to6p. m 

1 to 3 p. m 

7 a. m. to 2p. m 

1 ti>2 p. m 

8 a. m. to 12m 

11 a. m. to3p. m 1 

12 m. to 4 p. Cl., 11 p.m. to 12 p. m.. 

4 a. m. to8p. m 

3 to 4p. m 

2 to 3 p. m., 10 to 11 p.m 

12 p. m. to4a. m..78. lu toll p. m. 
1 to 5 p.m 


en to 70 

sn' 



ea to 70 

.■Jir 



86\u7H 

sw 



68 to 74 

.'iir 



eeto7s! 

)V 

.vir 


7«to76’ 

sii- 


B5 to 73 

,s’ir 


66 to 66 

H’., 

All’ 

. ;.M( 

65 tow 

Rl-1 

SIV 

. ni< 

65 to 66 

NW 


. 5i)i( 

66 to 68 

NW 


, l!ll 

65 Lo 77 

,V H’ 


, I'.'H 

65 10 68 

W 


. UK 

66 to 71 

ir 


. :;ii 

65 to 66 

SK 


. liU 

67 to 74 

sir 


, MK 

65to78 

S H' 


j;u 

67 to 75 

,SMi' 


: K;l 

78 to 82 

A ir 


1 I'll 

7010 83 

ir., ; 

sir 

I'll 

70 

A H' 



66 to Of* 

\V.. 


’ 10 10 

65 to 06 

st\’ . 



06 

KW . 



06 to 68 

NW 


] lo il] 

65 lo67 

SW . 



66 to 70 

Air. 




stv. 



68 to 71 
65 to 67 

. Sit. 
SR., 

s 

12 M 

65 to 69 

sw. 

.Yir. 


C5 to 8S 

,sir. 

li** 


SE.. 

sir. i 


75 to 18 

SA'., 


65 to 86 

sit., 


liti 

66 to 70 

sir. 




DliiJiuTIOlf AND VELOCITY 




OO 

lX.-Temper«tare mi direction ani velocity of mm, e<c.-Coutluu«l. 


Date. 


liWT' 

yav 


lyOu 


24 hours. 


Ai'f. 


30 

Mav 10 
■ 13 
U* 
IS 
1 !' 

”1 
ISiOS. 
Apr. 23 
^ 26 
May n 
12 
13 
:♦> 
i: 

ID 

23 

24 
2C 
27 

29 

30 
111 


Temper- 

ature. 


Direction 
of wind. 


12 in. to 12 p. m 

*F. 

1 

12 D. m. to 2 a. m., 7 a. m. to 3 b. m. 

12ni.to6p.m 

66 to 81 
65 tors 
65 to 68 
05 to 75 

Sir 

SW. 

lOa. m. to8p. m 

NW 

Sir. 

]! a. m. to5p. m 

4to0p.m 

9a. m. to 6 p.m 

65 to 70 
65 ty 68 

65 to 75 

66 to 72 
65 to 75 
65 to 71 
65 to 70 \ 
69 to 81 ! 
65 to 67 

... 

SW 

!)a.m.to6p. m 

10 a. m. to 6 p. in 

S a in. to 5 p. m — 

7(ollp.m 

SW. 

sir. 

sir. 

sir. 

2 to 7 p.m 

Ila, m. to2p. m 

sir. 

SW. 

SWi^ 


9a. m. to8 p. m — 

* a. m. to 12 p. m 

lOa. m. to Up. m 

12p.m. to I a. m., 7a. m. tol2p. ra 

12 p.m. to 12 m 

4to6p. m 

8 a. m. to 4p. m 

12 m. to 8 p. m ] 

4p.ni. to I2p. in 

12p.m. to 10a. m., 12m. to ip. m./ii p m.'to'i^D 

"a.ra. to]2p. m wi^p. t 

12p. m. to7p. m., 9 to lOp. m.. 

11 a. ra. to 12 p. m 

1 to 3 u. m.,1 fy 2 p.m 

2 a. m. to 11 p.m 


Velocity 
of wind. 


Mi/es 
per hour. 
to S7. 


!0 to 13. 


\ 10 to 11 
< 10 to 17. 


70 to &? 


I 


66 to 3i 

69 to S4 

70 to 7$ 
65 to 68 
6S to 73 


I [, IHaW. 

‘JS, ‘Oton. 

SIf,"vTi lOloSO. 


1 ”' 

lU} 


]Wfl. 

Ipr, 22 2 to6p, ra 

• 6 8 a, m. to 4 p. in 

10 8a. m. to7p. m.,8 to lOp. m. 

11 lOa.m.lo^p.m 

12 10 a, la. to 8 p.m 

13 8 to9a. m., 11 a. m. to9p.*mi. 

14 12m. to7p. m 

15 "a. m. tolp. m 

24 3to8p. ra 

26 11 a. m. to 8 p. tii 

27 12m, I0 4p, m '..1 

30 8 to9a. m.. 12m. to 7n. m 

31 7 a. m. to 11 p, rn 


SK '/"'■•••I 
, ^U>’ ® I !•’ to 1(). 

1 .;: i ;«• 

66 to 77 \ 19 p o ii/ I 't? tO 17. 

sstors sik' H- 

SK’ I JO to IS. 

‘tOtolS. 


69 toss 
toSO 
63 to 66 


10 a. III. to 7 p.m 

11 a. m. to2 p. m... 

12 m, to7p, m 

11a. m. to 5 p.m... 

5to6p. m 

2 to 4 p. in ] ] ^ 

12 m. to 6 p. ra 

3 to 6 p.m.,.. 

11a. m.toSo. m 

11a. 01. to 3 p.m..’ 

12 m, to 6 D. m 

12 m. to 3 p.m 

2to8p.in 

|B . 19 to 11 a, 111... 

19 1 to 6 p.m. 

^ 3l.o7p.in. 

- 

1 12 ni. fft 1 til 


% : in 1 P- ni.. 

IS, lira, tol p.m 

®;12”l.lol5,n. 


Stoop, ni.. 


29ii2p m^Pv^^-’^toSprin 


66 to 68 

SW.. 

08 to 85 

SW. vir ■■■ 

65 to 76 

SW 

6$ to 78 

A'lr 

65 Jo 7.J 

iVW 

65 to 77 

SW 

IS tost IS.,, vii^' ■ 

to 74 

AH'.. 

69 to 72 

NW. 

88 to 76 

SW. 

65 to 69 

SE.. 

Mt0 7« 

jVW. 

66 to 80 

jYW. 

r75 (0 78 i 

' SW.. 

63 to 67 i 


65 to 69 

w.,'W ' 

88 to 73 

NW.. 

66 to 67 

SE... ‘ ■ 

66 to 68 

SW.. 

66 to 69 

SW.. NW. 

66 

SW.. 

85 to 70 

Anr.. w 

88 to 78 

SW 

65 to 68 

NW. 

<H to 66 

w 

88 to 7/ 

SE.... 

63 ! 

SW.. 


10 to W. 

11 to II. 
10 to 73. 

12 to 13. 

10 to 17. 

13 to 17. 
U to S5. 

11 to 20. 


65t«68 

68 to 78 
65 to 7J 
65 to 86 
65 to 7\ 
68 to 7ff 

65 

66 
65 


Nnv. 

sr.. 



sw.. 



SW., NW.V' 

w... 

NW... 

SE 


65 to 68 
6Jto8P 
to 7S 


a-:iuo4p,ra;r.^:.p-"^ ffJSfi 

^5 to 75 


; 10 to 13. 
' 10 to 1 
11 to 75, 
12. 

17tol8. 
11 to 14. 
10 to 12 
7010 77 
/Oto/8, 
15 to 27. 
13 to 19. 

10 to 12. 
18. 

17 to 26. 
70 to 14. 
7/ to 75, 
70 to 7. 

12 to 17. 

11 to IL 

11 . 

12 . 

10 . 


10 to 17. 
70 to IS. 


SE..SW. 

S 

1^*5 H; i wtolt. 

1^- lOtoit. 

- 7/ to 58 
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THE DISPERSIOS' OF THE GIPSY MOTH. 


Table IV. — Temperature and direction arm 
wind, etc . — Continued. 


t l-f* 
N 1J% 


ii- 




HW 


5'-v 

S/rf. 


Fir;, 3 . — Diai'ruui show- 
ing the proportloa of 
time the wind Mew in 
each direction, when 
wind spread was pos- 
sible. during *\prll and 
May for 10 years, 
1902-1911. Records 
from Boston office of 
Weather Bureau. (Orig- 
inal.) 


Date. 

24 hours. 

Temper- 

ature. 

1911. 

May 1 

12 m. to 6 p. m 

•F. 

6S to 72 

2 

8 a. m. to 12 m 

6510 68 

5 

2 to3 p. m 

65 

6 

12 m. to 6 p. ra 

66 to 68 

7 

9 a. m. to 4 p. ra 

71 to 81 

8 

12 m. to 8 p. in 

66 to 81 

9 

1 to 2 p. m 

70 

10 

7 a. m. to 4 p. ro 

67 to 72 

11 

9 a. m. to rip. m 

6Sto84 

12 

12 p. m.toSp. m 

67 to 81 

13 

9a. m. to7 p. m 

66 to 80 

15 

10 a. m. to 6 p. m 

6S to 73 1 

16 

9 a. m. to 1 p. m 

69 to 75 ! 

17 

5 to 7 p. ra 

66 to 71 j 

18 

Stoll a. m.,4 to5 p. m... . 

69 to ! 

21 

12 ra. tol2p. m 

70 to 87 ■ 

22 

12 p. m. to 3 a. m., 5 to 7 

69 to 79 

23 

a.m.,l0p.in. to 12 p. ra. 

12 p. m. to 1 a. m 

76 

28 

11 a.m. to 12 p. m 

65 to 8S 

29 

5 a. m. to 12 p. m 

67 to 88 

30 

4 to 5 a. m 

6S 


During the entire period co\eroil liy tl*. 
records .'>1 per cent of the day.s wlieii spreml ifj, 
irossible the wind was southwest. Figun. 3: 
sliows 'graphically the proportion of the iim,^ 
when the wind blew in each direction, as givm 
in the above tables. 

In the fall of li)07 the gipsy moth wa. fciinid 
extensively in New Hampshire, espediill,v in il 
eastern part, and ns a small strip along ili, 
seacoast in Maine was also infested. Wemliei 
Uurcaii records are here added, wliicli have tea 
secured from the Concord, X. IT., inid IVirtliiiifl 
Xfe., stations; 


Table \.—Teinperalme, direction, uiul ccheitiij.fm 
on dales after hnlehinp of eatcrpilliin. IWr,-t)ll. 


CONCOBD, N, H. 

Date. ^ 

j Hours 7 a. m. to 7 p. w. 

Maximum v*i) 

tumpara- | .le! 

Hire. ‘ 

l'J07. 
Apr. 23 
29 


1 .m-i' 

oy 

G3:S^v.,8E.. 

'■fi s-vv- !;i 

1 2 to 5 


m 
May 10 

13 

14 


9to7.„ 
7 to 9... 
12 to 5.. 


GG j 

79 S"- 


;i!c; 

jOu; 


1906. 
Apr. 23 
25 


12 to 3, 5 to tl. 

11 to 7 

9to.'5 

10 to 5. 


sohsn.n 

73 i Sh 
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tabu: \-.-Tei,H>emture. direction, and. velocity of wind, rfa-Continued. 
CONCORD, N. H.— continued. 


Hours 7 a. m. to 7 p. m. 


j Maximum • .. 

I tempera- ' t^iroction of 
! ture. i '''iud. 


Velocit.v 
of wind. 


I9tl>. 
ilay 1 




Uio-I.. 
to 6... 

ato6... 
if 

IS 5to6... 
19 i lflI07.. 
■21 ItO'.- 
■2i : 11)10 0 ... 
JD . 11 to 7... 
27 8(ol... 

30 ■ lJt0 3... 

31 8 to 5.... 


m ' . 

(ay I ^ ^ 

10 i 11 to T 

11 1 9to' 

12 I Slot) 

14 I 11 Mi 

15 T to 10. 2 to 5. . 
24 I 8 to 9, 11 to I). . 

26 I 4 to ;■) 

27 12 to I 

30 7 M (5 

31 I 9 M 6 


NU'.. 

Sir.. 

sw.. 

SE.. 

sw., H-.; 

SE.. 

SE.,S. 

Sk'.. 

NK'.. 

SW. 

W.. 

J?. SE... 
SW. 


.Miles per 
hour. 

!0 to 14 
10 to IS 
10 to 15 
10 to 14 
10 to li 
11 

10 to IS 
10 to 13 
10 to 11 
10 to IS 
10 to 13 
10 to 11 
10 to 14 


70 to SO 


1910. j 

pr. 6 12 to 6 

15 12 to 3 

2- 1 2 to 4 

3to4 w>tot>7 

1 t 1 4 • W 

2 to si ^ ^ ! 55 to 67 

Dmr* ^5to75 

lotoiiii.'.'.'iiii. 

sto4.iua7 *0^ 


ivir 

SE.. 

S.... 

NW, 

! 11 to 2.5 

^ in-in It 


!7W.. 


10 to IS 

1 1 to U 
IS to IP 
in to 25 


10 to IS 
10 to 1 ! 


tOtolS 


Iltol9 


iv 3 

7 

8 

23 

24 


U0 4.. 

1 lo2.. 
18 : 10tO4.. 
■' SM4.,. 


1911, 
)f. 30 
17 1 


10 


10 too 

Ill M 5 

BIOS 

Stof) 

8 to 1, 2 to 4 

IMS 

.9(00 

13 I 9 too... . 

HjjtoG 

IS , 10 to (i 

.16 9toi2,uo.’i,4to5;;:.' 
20 4 to it. . 

29 : 


31 1 (0 4. 


11 to 3, .5 foO.,' 


06 to 77 
liO U>69 
66 

65 to 71 
7S 


68 to 80 
67 to 71 
71 to 79 
77 

6S to 76 
79 to 89 
82 to 86 

65 to 71 

(15 

70 to 7.f 

66 to 74 

70 

76 to 91 
(!6 10 7-1 I 


J/to/0 

, 20 to is 

«V 10 

r.? 10 

5V : JO to 11 

SE..” 


10 to IS 

|{{r « ^0 to II 

70 to 70 

intnl'i 

SK 


10 to 12 
10 

77 to 75 

// 


tvrfjt 77 to 75 

7/10 75 

;o to 7? 

Vii-- u 

fj. 70 to 75 

AV” /7to/5 

•^7^ 12 

IS to 15 

^ 10 to li 

W.SH..VW.. 10 toll 

70 to/? 
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THE BISPERSION OP THE GIPSY MOTH, 


Table V. 


'Temperature^ direction, and velocity of wind, etc. — C, 


'“ttaiiaj. 


PORTLAND, ME. 


Date. 

Hours 7 a. m. to 7 p. m. 

Maximum 

tempera- 

ture. 

Direcliot. nf 

Wilhl, 

^ «lacit 
"fW'ar 

1907. 
May 10 

1 

" F. 






12 ic 

20 


65 


.'dlj 



Imo 

190». 





Apr. 23 
26 





10 to 7 

73 to 87 

sw.,w. 

JilO 

May U 

11 to 1, 3 to 5 

66 to 77 

N..NW 

idle. 

12 




12 1^, 

13 

lOto 11 * 

65 

N. 

■ I'lio: 

13 

3 to 4 1 

67 



19 

11 to 3 

66 to 77 

s. 

/iio 

26 

llto7 

^to73 

a 

27 

8to5 : 

78 to 87 

w., mv 

J.Mo, 

31 

; 7to5 1 

1 

69 to 84 


into, 

lllo: 

1909. 





Mav 6 
u 




14 (o; 

1 to 2 i 

66 


12 

: 11 to 5 ! 

65 to 67 

NW.... 

21 to; 



67 to 70 
66 to 68 1 





■'} !0j 





27 

1 12tol 

65 

ST: ’ "'! 

Mill 

30 

2 to 6 ' 

65 to 67 ! 


] 

31 


$5 to 74 



1910. ' 
Apr. 14 
27 


1 

W ’ 










17 

U to5 

i 65 to 69 



20 

9tol 

i 65 to 67 

NW.,S 


24 , 

Uto5 

’ 65 10 68 

S.... 

lOlol 






12 to 2 


a 

lllol 

IHo!. 

27 

12 to 4 

65 to 68 

: SF. 

1911. 


1 65 



.\pr. 27 

2 to 3 


! SE 

!'■ 

2S 

9 to 10, 2 to 9 

6$ to 71 
65 to 77 

1 s,,sir 

Hi th 

29 

1 to 6 

s 

IHO.'; 

May 2 

7 

8t0l 

■ 66 

w 


8 to 9. 10 to 6 

68 to 80 

H'., Air 

lO W :i 




S 


10 

8to 11, no 3,4to6 

65 to 75 

Air., Y.,8.. 

IfitO ii 

12 

6to 7, 10 to 2 

66 to 7i 

s..sn- 

II ton 

13 


86 to 7h ' 

ir., .Yir 


16 

10 to6 

65 to 73 

A’lr , ir ' 

li to !' 

17 

12tol 

67 

a 


18 1 


i 67 to 74 



21 

22 


s , 

ilto.'i 

2 to 5 

! 84 to 88 

S 





s ! 




s 

Jim?. 

29 
.30 ' 


! 74 to 80 
\ 66 to 70 

; S , 

10 Id '! 


! S ' 







In order to study these tables properly the data from each Maw 
should be considered separately. Hatching takes place later in tlif 
vicinity of Portland, Me., and Concord, N. H., than in the terri- 
tory surrounding Boston, becau.se the .season is later. In Massachi- 
setts the same conditions prevail in all of the towns which are on 
the watersheds of the Merrimac and Connecticut Rivers. An es 
amination of the records, howev'er, shows that the prevailing 'O® 
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the same direction during the first half of June as in the 
tl^ ui benefit would be derived from giving 

^ .^^IJitional data. 

* Fov convenience the record of infestation has been divided into 
,„„r’l,eriods (see map 1), viz: 

' ' .I'jjg territory infested in 1900 at the time the work was dis- 

itimk-d by the State of Massachusetts. 

The territory found infested as a result of scouting operations 
'tei- the "ork was resumed in the winter of 190.1-C by the State of 

■jtiacinisetts- , ^ , 

(T) ihe territory found infested up to and including the winter 

' 190S-h. 

territory infested at the present time, winter of 1911-12. 
The territory infested in 1900 when the gipsy-moth work was 
iscontiniied by the State of Massachusetts was confined to 31 towns 
lid cities surrounding Boston, covering an area of about 3o9 square 
hies .''onc of the area was badly infc.stcd, but a very rapid in- 
ffuse of the pest took place as soon as efforts to check it were 
bancloned- The next two years developed few signs of increase 
'ithe insect, although in several localities it was somewliat abundant 
n 1902. All infestation was discovered in Providence, R. I., in the 
iimnwr of 1901. In tiie summers of 1903, 1904, and 1905 tlie terri- 
orv ill Massachusetts which had been most densely infested when 
lie' work was discontinued fairly swarmed witli caterpillars, and, 
IS little organized effort was made to check the insect, an e.xeellent 
■pimtiinily u'as offered for the .small caterpillars to be spread by 
lie ivimi. Map 1 .show.s the territory wliich was found infested by 
he scouting operations conducted by the State of Massachusetts, 
liiicli were carried on during the summer and fall of 1005. The 
iifestation had increased to such an extent that it covered 132 towns 
iiiil extended from Portsmoiitli, X. H., to Buzzards Bay. including, 
1 ; well, isolated colonies in Providence and Cranston. R. L, and Ston- 
ingtoii. Conn., a total of about 2,224 .square miles. 

Tmloubtedly the greater part of this infestation was the result 
of wind spread, therefore map 1 indicates tlie number of days the 
wind blew in each direction during the [oeriod when caterpillars 
were in the first stage, and when the temperature and wind velocity 
were favorable to their dispersion. Eliminating the west wind from 
Misideration, which would take the larvae out to sea, it will be 
loted that, except for seven days when it was from the oast and 
lurlh, the direction of the wind would account in a general way for 
ke infested region as shown by the map. It is probable that more 
would have been found infested in southern Xew Hampshire 
J 1905 if it had been possible to scout the towns nearest Massa- 
kusetts, but there were no funds available for this purpose. 
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THE MSPEESION OF THE GIPSY MOTH. 

During the period from 1906 to 1909 a large extent ot scoif 
was done by the State of Massachusetts in the territory' outsi[|j ^ 
the area known to be infested, and, as a result, 44 new town^ * 
cities were found infested. Isolated colonies were found at r 
field, at Palmer, at Springfield, and at Warren during the scimti,'' 
operations, but all of them have since been exterminated, y ” 
Hampshire scouting work was carried on under the dinctinii 
Mr. D. M. Rogers, special agent of the Bureau of Entomoloi'v t! 
infested area was found to have greatly increased. Scontipo ' 
also carried on in Maine and Rhode Island and showed that t| 
infested area was increasing, and one isolated colony was foMnij 
Togus, Me. At the close of this period of scouting the entire 
of infestation covered nearly 7,300 square miles. The greater pirt 
of the spread had been toward the northea.st and northwest inj 
it is interesting to note that the prevailing winds blew in these iJi 
rections, especially from the southwest. (See map 1.) 

During the period from 1909 to 1912 the infested territorv ha- 
continued to increase. Nearly all the scouting work has been done 
by agents of the Bureau of Entomology, although a small force hm 
been employed by the States of Maine, Massachusetts, and Coii^ 
necticut. The infested territory has continued to incren.se along the 
line of the prevailing winds,, as is shown on map 1 and bv its 
w'ind diagram. In the fall of 1909 an isolated colony was found 
at Wallingford, Conn., but careful scouting for miles in all directions 
has failed to locate other infestations in that part of the State, It 
is probable that egg clusters were brought to Wallingford on niartet 
boxes or in packing material. The thorough treatment which Ims 
been given under the direction of the State entomologist, Dr. IV. E. 
Britton, and his assistant has reduced the colony to a point approach- 
ing extermination. The same is true of the colony at Stoningwii, 
Conn. 

In the summer of 1911 the gipsy moth was discovered on an eslale 
in the town of I.enox in the w'estern part of JIassacluisetts. ami 
scouting work has resulted in locating it in Stockbridgc and rireai 
Barrington. It is probalde that in Lenox and Stockbridgc the in 
festation resulted from the receipt of a carload of nursery stork 
(Pis. XIV, XV, XVI) which was shipped by the Bo.ston Pai'k 
Department about 1909 to the estate where the infestation was foumh 
The origin of the Great Barrington infestation i.s obscure, but fur- 
ther scouting of the town may uncover conditions which will explain 
the reason. The colony at Togus, Me., has been exterminated, no 
specimens having been found since 1908. 

As a result of the scouting operations during the past winter u 
is shown that 10.900 square miles are now infested with the gipr,' 
moth. The territoi-y which is now badly infested is well cjutside 



Plate XIV. 


BJ. 119. Bureau of Entomology. U. S. Dept, of Agriculture. 




Gipsy-Moth Egg Cluster on Small Norway Spruce Tree in Nursery Ro'.v 

The upper hraiiehes of the tree have Ueii tic! up so a> to expo'e Mie f^'sr 
cluster, iurigiual.) 
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of tiwf infested in 190a. This being the case, the oppOT'- 

„„iiiv for spread has greatly increased, and as the insect gradu^^ 
liecoiiies established on the western slope of the high lands in th«i‘ 
rentiiil part of the State, the opportunity for serious damages in 
ih,. Connecticut valley is rapidly increasing. 

In cunnectinn with the weather record given for this period it is 
inteio^ting to note the corresponding data from the Weather bureau; 
t,uinns at Portland, Me., and at Concord, N. H., as these data have 
beari'i" upon the spread in the northern part of the territorv. 

GENEEAL SUMMARY. 


Tlie map and wind direction records give a fairly good idea of the 
lispcision of the gipsy moth. The spread has been along the lines of 
he prevailing winds to .so gi'eat an extent that the evidence is cnn- 
■lusire that natural spread i.s accomplished chiefly in this way. All 
lie lecords hear out this conclusion. It should be noted in the Con- 
(ird records that the southeast winds were the ones which were most 
ikdy to carry the larvae into new teri-itory, while in Portland the 
oath and west winds which predominated would do the .same thing 
a that section. It should be remembered that neither Concord, N. H., 
lor Portland, Me., has been badly infested and that the spread must 
time from bad colonies nearer the center of infestation. 

The general “seeding down” of slightly infested territory by 
arvte spread by the wind is shown in some detail in the followin'*' 
lages. 

GENERAL CONCLUSIONS. 


It is impossible to give a detailed explanation of tlie cause of every 
ifeslalion. The weather records give strong evidence that the wind 
! lesponsible in a large degree for tbe spread of the gipsy moth, hut 
k spread can be brought about only under the favorable conditions 
jhich have already been explained. The present apparatus for 
cording wind movements is somewhat imperfect, and as the wind 
usually very variable it is probable that a greater local spread 
suits than can be explained from wind records. Other things bein'* 
ual, wind spread will start the most vigorous colonies nearest the 
d centers of infestation,’ for the farther tlie caterpillars are carried 
^uore chance there is for them to become widely sejiarated, so 


“'’■’ilJers of Brst-stage gipsy 

kins food OnM, f crawling about on the grass 

IV Th? ” n . ^ S“aller numbers of larv® were found at a greater distance 

taslil about bv It =“»> Pr'W''8 toat «"* heaviest infestations 

lead. ^ spread will be nearest the colony from which the larvie were 
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that infertile egg clusters will result in case any are deposited. ( 
are on record where a male gipsy moth has been attracted half a mile 
by a female. This factor probably assists the species in bccrjauno 
established at distant points. 

EELATION OF SCOUTING RECORDS TO WIND DISPERSION, 

The records which have accumulated showing the number of 
clusters found and treated by scouts in the various towns, as well",* 
the reports of the work done by local superintendents, have been 
examined for the piirpose'of determining whether information could 
be secured th.at would have any bearing on the dispersion of the 
insect. As a result of the examinations it appears impossible to sfive 
data covering the entire territory, since the records are incomplete 
in many cases and they have been kept in various ways so a.s to niahp 
a comparison of little value. The plan has been to select several 
towns and cities (see fig. 4) where complete records were obtiiiiied. 
The geographical locations of these are typical, so that the re.sults 
will serve to illustrate the relation of wind to infestation as found 
by scouts. It should be remembered that no woodland area i.s in- 
cluded in the records cited, for only roadsides, orchards, and the 
grounds about residences were examined. 

In order to check this data a complete scout has been made of 
several towns by employees of the Bureau of Entomology, United 
States Department of Agriculture, working under the direction of 
Mr. Kogers. This included a careful examination of (be wooded 
areas as well as the roadside trees. 

RECORDS OF DISPERSION OF THE GIPSY MOTH SECURED IROM 
REPORTS OF SCOUTING IN SEVERAL SELECTED CITIES. 

For the purpose of making a comparison showing the rapidity of 
infestation in different localities (fig. 4) the cities of Brockton and 
Worcester, Mass., and Nashua, Manchester, Concord, and Portsmouth, 
N. H., are gn en in Table VI. 


T-VBLE VI.— Hecorrf of egn cUistcrs of the gipni moth fomd in errlniii rio'es nf 
\ew fJnfffnnd during the years 1905 It. 


Cities. 

1905-6 

1906-7 

1907-8 1 

1908-9 

1900-10 

1910-11 

Massachusetts: 

i 

24 

127 

2R3 

3, 10^ 

1,575 

31 

5,000 

i'5 


0 

0 


32 


New Hampshire: 

0 

9 

176 

53 

'■'soa 

910 

16.759 

117,50: 

1 16,508 


0 

2 


1,855 
j 72,294 

4,419 


0 

0 

9,417 

i 1 72.000 

Portsmouth 

2 

175 

L — - 


1 EstimAted. * No record. 
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Xhe records for the winter of 1911-12 are not given, as it was 
impossible to secure the information from some of the cities men- 
(ionod. The data concerning the infestation in cities and towns in 
\[,m.-achusetts have been kindly furnished by State Forester F. W. 

and his assistants, while similar data from the other States 
liin P teen supplied by Mr. Rogers. It will be noted that the city 
„f liiwkton was found infested in 1905-6 and that the same is 
iiiH. of Portsmouth, N. H. An excellent opportunity is offered for 
comparing the number of egg clusters found in these two cities fr-om 
ycai- to year. It will be observed that at the end of the fifth year 
1.575 egg clusters were found in Brockton, while over 72,000 were 
treated in Portsmouth, N. H. This indicates very strongly that new 
infestations were continually being brought about through the spread 
of catcrpillar.s by the wind. 

Somewhat the same conditions will be noted on comparing the 
record of infestation at Worcester with that of Nashua, Manchester, 
and Concord. The increase in Worcester for the period shown in 
ihe table is slightly less than that in Brockton, which shows that 
the wind was more favorable for spread in the direction of the latter 
city. 

It should be noted that all the newly infested points were treated 
each year, and in many cases colonies were exterminated, but as a 
rule a larger number of new infestations were found in different 
parts of the cities the next year, and the total of egg clusters usually 
showed an increase. 


In connection with these data it is interesting to consider the 
[ccord of infestation in the State of Rhode Island. The gipsy moth 
was first found in the city of Providence in 1901, and some work 
was done to control the insect during the five succeeding years. 

In 1906-7 a careful examination was made by agents of the Bureau 
of Entomology in cooperation with the State of Rhode Island, and 
wveral towns surrounding that city were found infested. In all, 
‘9.000 egg clusters were found and treated. In 1907-8, 7,500 egg 
clusters were found, and the following winter only 1,164 were dis- 
covered. During the next two winters there was a slight increase 
111 the number of egg clusters found, as several newly infested places 
ijeie discovered. No work was done in the summer of 1911, because 
le btate ailed to provide the necessary funds. During the winter 

IhitniuJ tlie R^eau of 

CSC ('ll, iucreased rapidly. 37,293 

inlsled '' 


‘he 

"ork is stopped The / ‘^hes place after suppression 

Pled. The data also indicate that the rate of increase is 
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less in this State than in the cities in New Hampshire noted 
ill Table VI, which is due largely to the fact that the region is out of 
the line of natural spread and reinfestation by the wind. 

The common trees growing in Rhode Island are as much if not 
more favored for food than those in the cities mentioned. 


eecords of dispeesion secured from several selected 

TOWNS. 

Ill order to check the data just given the records of several out- 
lying towns (fig. 4) in different sections of the infested district are 
Supplied in the accompanying table. 


T4B1.E XU.— Record of egg clunters of the giiisg moth foiiiiil i,t eertain 
Sew hlngtund during the years 1906-1012. 


toir}}s of 


Toivns. 

1906-7 

1907-8 

j J908-9 

■ laOD-irf 

1910-il 

Massachusetts: 

3 

8 

1,417 




ilopkinton 

267 

(*) 

1 1.283 

1 2,124 

i 3,448 : 

Northburo ] 

! ; 0) 

! 14 

341 



1 



(») 

32 

87 

1 






i 3 

1 


Peppereil 


765 

(0 

3. 613 

2,825 

New Hampshire: 

J 




12.', 



i 1 




I Xo record. 

* 7 Collecto*!. 

*1 pupa. 


^ Partial record. 


J9I]-12 


1 . 7X'J 
(’) 

]. W 
142 
1,421 
378 
4r»5 
33 
(i) 

M2, 802 

42, 147 
(*) 


The record of infestation— that is, tlic record .showing the number 
of egg clusters found while scouting various towns from year to 
year— is interesting, as it gives in a way the rate of increase, although 
it should be understood that all egg dusters wliidi are found a'’re 
treated with creosote, and in most cases the infested areas are 
attended to during tlie caleriiillar season and all tile larvie found are 
destroyed. Only roadsides, orcliards. and private estates are e.\- 
amined and treated. In most cases the towns hai'e large woodland 
areas which it is impossible to examine owing to the expense involved, 
the record of the infestation is given for several towns, which shows 
tliat dispersion must be due to causes otlier than vehicles. 

The data for the town of Easton were furnished bv Mr. L, IV. 
llorlgkins, an agent of the State forester of .Massachusetts, who hacl 
uaige 0 a section of southeastern Massachusetts for several years, 
town has been examined and the infestations treated each vear' 
flusters showing a slow but continuous increase 
iJ06, the year when the first iiifestatiq,! was found. During 
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that year single egg clusters were discovered in each of thret* 
ties. In the fall of 1911, 1,189 were found in 326 localities. 

The gipsy moth was 6rst found in Hopkinton, Mass., in iiio.j, 
the writer is indebted to Mr. G. A. Sands, of the Massachusnus 
forester’s office, for data concerning this town. During the v, 
1906-7, 267 egg clusters were secured from 39 different loculitif. 
In 1907-8, 1,417 egg clusters were secured in 30 localities. Ih igog j, 
4,283 egg clusters were found in 90 colonies. In 1909-10, 2.121 
clusters were treated in 70 localities. In 1910-11, 3,448 duster^ 
were found in 80 localities. In some of these colonics no eo, 
clusters were located during the year following the first examint 
tion, as the trees were hnrlaped, examined during the .sumnu, 
and the colonies exterminated. In other places small mmibers ot 
egg clusters were found from year to year, but each year it i,-,,, 
possible to obtain them in regions where they had not been kiion), 
previously. 

The original colony in Hopkinton was southeast of the viHa^g^ 
near the roadside. The following year infested places were fcami 
near the center of the town, and a few were located near the borders 
of the adjoining towns. The next year egg clusters were found well 
scattered throughout the town, especially in the residential section, 
and this condition prevails at- the present time. Owing to the loca- 
tion of the various infestations, it is highly improbable that the 
insects could have spread by artificial .means. For the past two 
years very little work has been done in this town to suppress the 
moth. 

The data for several towms following were supplied by Mr. H. R, 
Ramsey, an agent of the Masachusetts State forester, and the writer 
is indebted to him for this and other valuable information fur- 
nished. 

The condition in Westboro, a town northwe.st of Hopkinton. wn, 
not so bad in 1906-7, there having been found at that time only seven 
colonies. The, number of colonies, however, steadily increased. In 

1910- 11, 116 were located, containing 846 egg clusters, while in 

1911- 12, 1,897 egg clusters were found in 214 localities. 

Directly northwest of Westboro is the town of Northboro. in which 

no egg clusters were found until the winter of 1909-10, although 
three pupal cases were secured during the previous year. Xotlltbom 
is w'est of Marlboro, which was found infested in 190.). and if die 
persion of the species was equal in all directions, should have become 
infested rapidly. During the winter of 1909-10 five colonies weie 
found, 14 egg clusters being treated in them. They 
in the southeastern and north-central parts of the town- “ 
lowing year 95 colonies were secured, and in these 311 eg.g c us 
were treated. In 1^1-12, 1,421 egg clusters were found oi 
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estates. The colonies were scattered through practically every sec- 
tion of the town, a few more being found near the center than in 

the outskirts. 

Jidrthwest of the town of Northboro is the town of Roylston 
(hjr. 5 ). One egg cluster was found here in the winter of 1909-10, 
and (luring the following year 140 were found in 41 different locali- 
ties, In 1911-12 141 egg clusters were found in 41 localities scat- 
tered over the town. 

West Boylston, a town directly west of Boylston, was scouted 
bv the inspectors employed by the State of Massachusetts in the 
winters of 1907-8 and 
1908 - 9 , but no egg clus- 
ters were found. During 
the winter of 1909-10 
seven were secured on 
five e, states, and during 
the following winter 30 
estates were found in- 
fested with 156 egg 
clusters. During the 
winter of 1911—12 378 
ejfg clusters were found 
on 75 estates. 

The town of Holden, 
which is directly west 
of West Boylston, 
shows an increase quite 
similar to those already 
mentioned. A single 
female pupa wa.s found 
during the winter of 
1907-8, but the follow- 
ing year nothing was 
discovered when the 
scout was made. In the 
winter of 1909-10 nine 
estates were found in- 
fested, each with a single egg cluster, while' in 1910-11 10 estates were 
infested with 45 egg clusters. In 1911-12 a large increase was found, 
45,) being disco .-ered on 67 estates. 

The city of Worcester is located south of Holden, and was first 
tound infested in the summer of 1907, when Mr. D. M. Rogers found 
™ estate on Hope Avenue. During the winter 
sev ' f scouted and 44 egg /ilusters were found on 

en estates. These were well scattered over the city, and, owing 



Kig. 5. — Map of town of Boylston, Mass., showing in- 
crease in gipsy-moth-infested localities, 1909-10 and 
1910-11. (Original.) 


• Single infestation found in winter 1909-10. 
X Infestations found in winter of 1910-1]. 
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to the large traffic by automobiles and trolley cars from the badiy 
infested district in eastern Massachusetts, it is very probable tha, 
the infestation may have been brought about by the carriage of cater, 
pillars in this way. These colonies received careful attention diii'ii,„ 
the summer. In the winter of 1908-9 16 estates were fnnuil in'! 
fested with a total of 32 egg clusters. Fourteen of these estates 
were near Worcester Academy; the other two were in the cnsten, 
section of the city. Only a few egg clusters were fouml on Hip 
estates which were infested the previous year. In 1909-H) lo 
fested estates were found, with a total of 31 egg clusters, well 
tered through the city. Only one of the.sc was on property whicl, 
was found infested the previous year. In 1910-11 275 egg clusters 
were found on 145 estates, every section of the city being iucliuled 
in the infested area. In 1911-12 3,570 egg clusters were f.nind on 
424 estates. It seems probable that during the period from IflOT to 
1910 the greater paid of the infestation may have come from iraiijr^ 
but one c'an not escape the conviction that during the siiminers of 
1910 and 1911, as the infestation to the south and southetmt heciimt 
more pronounced, a large mimlter of tl>e colonies resulted from wind 
spread. It should be remembered that the chances for sptead by 
traffic in a large city are far greater than in the country distvicti, 
The data concerning Worcester are given because the city resemblts 
many of the towns mentioned, inasmuch as it is very hilly, so thai 
spread by air currents is very probable. 

The town of Millbury, which adjoins Worcester on the south. Im, 
a record which is of considerable interest, inasmuch as the infesta- 
tion has been decreasing from year to year. In the winter of 100T-' 
30 e<rg clusters were found on five estates. These were all located 
in the central part of the town not far from the railrond, Thn 
following vear no new egg clusters were found in these l(K'alilies 
hut two other infestations, containing 12 egg clusters, were locate , 
one near an infestation of the previous year, close by tlio railroad, 
and the other a considerable distance west of any previous infesta- 
tion In the winter of 1909-10 three new infestations were tonnd 
each containing an egg cluster, but no clusters were found m the oU 
infested area. In the winter of lOltWl nothing was fm.ncl n 
area infested the previous vear, but three separate iiifes hiUons mic 
Im™ ( « ,ge cl,..™, we.-. in ti» u-a H'" 

: l,L ol ofth. r.i.,.»J. In W-2 »» cgl U"-'-"". 

i., .in l«..i.i«. Tl» condition, i. thi. W™ .« q«» 1 •'« 
from those in any town previously mentioned. 
no bad infestations occurred m the region direc^ 
there would be far less opportunity for spread ^ 
would be the case in the other towns mentioned. 
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that early infestations may have been brought about by automobile 
traffic, but this, of course, can not be proved. 

The data from the two towns of Pepperell and Townsend, which 
are nearly due north from the towns already mentioned and are 
bounded on the north by the New Hampshire State line, have been 
fiiniished by the local moth superintendents, Mr. J. Tune and Mr. 
(jeci ge E. King, and are given, as they show a contra.st in the increase 
ill infestation over most of the towns already mentioned. 

The town of Pepperell was found infested the same year as were 
the town of Westboro and the city of Worcester. It lies about 40 
miles north of Westboro, and instead of immediately adjoining towns 
that were infested with the gipsy moth in 1905, as was the case in the 
town of Westboro, it is located more than 12 miles from the nearest 
town that was found infested at that time. In the winter of 1906-7 
4 egg clusters were found near the center of the town by State in- 
spectors. These were properly treated, and during the following 
winter 8T egg clusters were discovered and creosoted. In the winter 
of 1908-9 756 egg clusters were found, and since that time the insect 
has become so abundant that no effort has Iteen made by the local 
moth superintendent to keep a record of those that were found and 


treateu. ■ 

The town of Townsend adjoins Pepperell on the west, and was 
first found infested one year later than the towns of Pepperell and 
IVcstboro, and the same year as the towns of Holden and Millburv 
a record of which has already been given. The infe.sta(ion in Town- 
send is intere.sting, inasmuch as the record has been carefully kept 
by the local superintendent, Mr. George E. King. In the winter 
of 1907-8 1 egg cluster was found in the western part of the town. 
It was treated with creosote, the trees were biirlaped, and later 5 
caterpillars were found and destroyed. In the winter of 1908-9 1 
egg cluster was found in the eastern part of the town and treated 
in the same way, and 3 egg clusters were found near the center 
of the town, and a.s a result of burlaping 15 caterpillars were 
killed during the summer. The following winter 65 different colo- 
me.s were found scattered throughout the town. Five hundred and 
wenty-tour egg clusters were treated and 10,500 caterpillars were 
- toyed during the summer. During the winter of 1910-11 245 
-nies were found scattered throughout the town, a large numbe 

colonies 3,61.3 egg 

pillars we season about 20,000 cater- 

pilfe w«v killed. On February 27, 1912, Mr. King informed nL 

work forle wSTr ^flm 

increase in the mimb r completed. The 

dusters and eiternill^*' ° the number of egg 
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record of infestation of Westboro, which was much nearer the k 
infested territory, and, other things being equal, should have Ije*' ' 
badly infested sooner than Townsend, where the first infestation 
located a year later. 


The scouting of Dunbarton and Farmin^on, if. H., has lieen 
ried on by scouts working under the direction of Mr. D. ij 
and Table VII shows that the infestation has been greater tl' 
that in the towns given in central Massachusetts, and about ! 
same as that found in Townsend. " 


It will be observed that in Westboro seven colonies, containin e- 
egg clusters, were found in 1906-7, which indicates that fheniot] 
was present the previous year, and probably would have been fnm 
if there had been sufficient time to make a thorough inspecticr 
In the winter of 1911-12 214 colonies were found and l.SD" ecr| 
clusters were treated. MTien this is compared with the record giva 
for Townsend, which started from one egg cluster in the winter o 
1907-8, one can not escape the conviction, inasmuch as most of tl* 
infestations recorded in the winter of 1911-12 were in localities wliid 
had previously not been known to be infested, that the rapid infes. 
tation of this territory was due to the dispersion of young caleipilljn 
by the wind. 


PIANS FOR SCOUTING WOODLAND AREAS. 


Many data have been given showing that the dispersion of tli 
gipsy moth is largely due to small caterpillars carried by th 
wind, but it seemed desirable to determine whether the woodland 
areas in the towns where only a few colonies existed were becominj 
infested by this insect. The matter was thoroughly discussed kr 
Messrs. Fiske, Rogers, and the writer, and as a result plans were 
made to scout large aroa.s in several of the outlying towns. Tin 
plans were approved by Dr. L. O. Howard. It was arranged tint 
the scouting work should be carried on under the direction of lit, 
Rogers, and it was begun in October, 1911. Owing to the serere 
winter and heavy snowfall in the infested territory it was impossiblf 
to finish all the towns until late in the spring of 1912. The workni 
carried through, however, and a statement of the results follows. 
The original plan contemplated the examination of even' tree ii 
the whole or a part of the towns of Lisbon and Yavinoutli, lit, 
Milton, Tilton, and Bennington, N. H., and Gardner, Grafton, in 
Wareham, Mass. (See fig. 6.) It will be noted that these towiisin 
located in the sparsely infested area (map l),and it was expected tin' 
some interesting data on wind dispersion would be secured, llor ® 
Bennington, N. H., was carried on under the direction of 
Foreman I. L, Bailey ; that in Maine and in Tilton and Milton, - • j 
and Grafton, Mass., was directed by General Foreman H 
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t,,e. The work in Wareham was carried on under the direction of 
E. Totman and C. B. Whitaker, while that in Gardner was di 
by Henry N. Bean. It should be noted at the outset that the 
rhai acler of the forest has a great influence on the liability to infesta- 
tio„, Ix'caiise if the caterpillars are carried by the wind and dropped 
upon trees upon which they can not feed, no infestation will result 
liieii'fore it is to be expected that in sections where coniferous trees 
predominate the chances of new infestation will diminish, even al- 
limi-rh the region is in line with the prevailing wind during the time 
lie caterpillars are likely to be carried by it. 


RECORD OF scourma m Lisbon, me. 


On October 23, 1911, the work in Lisbon, Me., was begun hi- Mr 
E. Totman and a crew of experienced scouts, and the territorv 
lorth of the Androscoggin River and east of the Maine Central 
lailroad was examined. This covered about 16| square miles about 
10 per cent of which was woodland. The land in this town is rolling 
ind a considerable portion is cleared and cultivated. 

The percentages of the various kinds of trees in the regions scouted 
vere estimated by Mr. Totman, as follows; 


'(tiijfers 

)ak 

laple.. 

iSSll 


Ppf cent. 

40 

3 

17 


Elm 

Birc'li 

Boeeb 

Miscellaneous , 


I’er (ieu(. 


IS 

C 


If will be noted that about half of the food plants (conifers and 
are iinsmtable for fowl for first-stage gipsy-motli caterpillars 
0 that of the 16J square miles covered only 3i square miles of the 
rea supported trees upon wliich the gipsv moth wonld survive if 
t were introduced. The oak, which is the favorite food, comprised 
nlv 3 per cent of the tree growth. Roadsides in this town 
■ere scouted m the winter of 1910-11, and nine infestations were 
ound m the territory under consideration, a single egg cluster 

he retlf"! lu" time 

■relnt Ih '’'*'*"* infestations were 

■ere locatL"" Sg """■ '“^‘‘stations 

>vcn eg<r cluster! * f a®* this ca.se 

S«b»ttus River. 

untamed ’ ’ 


points along the highway 
. . il case. It is 

T ^ ^‘>»ds resulted from previous in- 


tl'e infe3ion!®i!lf^...^^‘■‘ improbable 


, ns. although a few egg clusters may have been overlooked 


‘ocated at least 70 


lat bad 


"oodland infestations 


miles from badly infested 


were hardly to be expected. 


territory, so 
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BECOBD of scouting in MILTON, N. H. 


eecobd of scotjtiho in yasmouth, he. 


.«couting operations were commenced in Yarmouth, Me., on Octo- 
bei' 2.3. 1911, by a crew of experienced scouts under the control of 
Mr, A. M. G. Soule. All the territory ea.st of the Grand Trunk 
i>,,il£o„d and south of the Maine Central Railroad, about 7 square 
,,ile 3 , was examined. This section of the town of Yarmouth con- 
ists largely of cleared land and pastures. The wooded areas are 
ID relatively .small blocks, less than 3 square miles of the area being 
,n woodland. The tree growth was rated by Mr. Soule as follows: 


llk--.- 
ilaiil'' - 


Per cent. 

.... 30 

49 
1 ! 


Bircli 


Per cent. 

— _ n 

-- 9 


If will be noted that nearly one-half of (he trce.s in the area are 
,ak; thal conifers were 10 per cent less than in the district scouted 
11 Li>l)on ; and that the area, although smaller. Was more suited to 
apid infestation, owing to the character of the tree growth. 

During the winter of 1910-11 15 infestations were found in the 
ntire town, 7 of them being in the area under consideration. All of 
heso places were along the highways or in orchards. Five of the 
ci-cn each had a single egg cluster, one had two clusters, and in the 
ither a pupal case was secured. No egg clusters were found in these 
iliicos tln.s year, but a total of 27 infestations, containing 56 egg 
lusters, was discovered. Five of the colonies were in woodland, and 
n one of them 17 new clusters and 1 old one were found. ' 
Yirmoiith is located nearer the badly infested area than lAsbon. 
nJ more wo<Klland infestations should be ex|}ected than in the case 
f the hater town. 


KECQKD OF SCOUTING IN MIITON, 


JX. 


On October 2.,, 1911. a crew of experienced scouts under the direc- 
onof It Ilham Sarsheld commenced the examination of (he trees in 
[i ton east of the Boston & Maine Railroad. This territory is hilly 

L e3 rr of it are generally very badl^ 

ed. Ihe area examined covered about 18 square mile's. 13 of 

•» 
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oad, 159 egg clusters were found in 55 localities. 
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In 1911-12 14 woodland infestations of 59 egg clusters and 
orchard and roadside infestations of 202 clusters were found eaij 
of the railroad. The woodland infestations were in the territon 
between the Milton railroad station and the south end of the toai 
In the part of the town west of the railroad only the roadhdes ajii 
orchards were examined, and 6,602 egg clusters were found in ;; 
localities. 

The results of scouting in this town show that the infestation is 
increasing rapidly in both woodland and orchards. The figures for 
the two years are significant, for in the western part of the towj 
the infested localities in one year more than doubled, and the mimbet 
of egg clusters was more than 40 times greater than the previo® 
year. 

record of SCODTIRG IR niTOR, R. H. 


Examination of Tilton, N. H., was begun November 1, ign, 
Mr. C. E. Boardman and a crew of experienced scouts. The aiei 
of the town is about 10 square miles, less than one-third of this 
being wooded. According to Mr. Boardman’s estimates the tree 
growth is as follows: 
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In 1910-11 the roadsides and orchards in the town were scouted, 
and four infestations containing 889 clusters were found. In one 
of these over 800 clusters were treated, and during the following 
summer over 4,800 caterpillars and pupa; were destroyed imilfr 
burlap. As a result of the present scout only 11 egg clusters m 
found in three orchard and two woodland infestations, one of the 
latter being near the bad infestation of the previous year. T s 
chows that good work was done in controlling and reducing the 
infestations found and that reinfestation by natural or artificial 

spread in this area has been slow. j ti ...umnUof 

Tilton is located 20 miles north of Concord, N. H., .i - 
the badly infested area lies to the southeast: some, howevei. ncir 

Concord and extends to the south. 


record of SCODTIRG IR BERRIRGTOR, r. H. 

Bennington is located about 25 inUes west ,1 

The land in the eastern part of f one^ 

watershed of the Merrimac and Contocook Hi _ ■ 
of the area is wooded. An examination o 
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Xm omber 1, 1911, by scouts in charge of Mr. W. T. Kelly, 
rated by him as follows; 


Coni/i'i'S- 


Per cent. 
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I„ 1,11 about 6 square miles of woodland were scouted, and as the 
town is very hilly it w^ hoped that evidence of wind dispersion 
niiglit be found on the high land. 

In the winter of 1910-11 the roadsides and orchards were ex- 
amined, and eight egg clusters were found in two localities. As a 
resiilt of the present scouting no infestations were discovered in 
these places, but two new orchard colonies, one containing eight and 
the other three egg clusters, were found. Ko egg clusters were found 
in the woodland. 


Practically all of the badly infested territory lies to the east anrl 
south, 


EECORD OF SCOUTING IN GARDNER, MASS. 


On April 26, 1912, scouting in Gardner, Mass., was begun by Mr 
F. dV. Foster and a crew of experienced .scouts working undeV Oie 
direction of Mr. H. X. Bean. A part of the woodland west of the 
Boston & Maine Eailroad and north of the Fitchburg Railroad 
covering almost 2,368 acres, was examined. Owing to the predomi- 
nence of conifcrou.s and sprout growth two other areas were selected 
north and east of the town, where deciduous trees were abundant. 

Gardner is on the ridge of land which forms the watershed of the 
Connecticut and Mcrrimac Rivers and their tributaries, and on 
account of its elevation, about 1,300 feet above sea level, it wa.s 
thought that evidence of wind spread of the larva; might be found. 
The examination showed, however, that the forest growth was not 
favorable for infestation. The season is considerably later in this 
locality than in the lower land near Boston. 

Gardner is a large chair-mantifactiiring center, and most of the 
hardwood has been cut off, presumably to be used for that purpose 
Ihe kinds of tree growth examined were rated bv Mr. Foster as 
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c ard infestations so that the larvio might have been 
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carried a considerable distance by the wind. Tbe infestation 
tinned was in a small block of woodland, mostly deciduous groivtl 
which borders Crystal Lake, and is west of Woodland Avemn. a j 
in this place four new egg clusters were found. Another infestation 
of a single egg cluster was on a maple tree 600 feet from the hitrj, 
way, but there were two infested orchards within 1,000 feet, ihkj 
is probable that the spread came from these orchards. The cater 
pillars may have been carried by the wind or on men or auitiij]- 
A third infestation was found near the Winchendon line, hut egg 
clusters had been previously discovered on several old apple trees ij 
a pasture near the woodland. 

Any of these colonies may have been brought about by wijj 
spread, but the evidence is not strong. The unfavorable chararte]. 
of the trees would prevent, to a large degree, the establishment i,) 
tlie insect in woodland in this town. 


RECOEB OF SCOBTINO IN GRAFTON, MASS. 


On March 11, 1912 an examination of Grafton, Mass., was begin 
by scouts working under the direction of Mr. H. L. McIntyre. \\\ 
the territory east of the Grafton & Upton Railway was examined, 
and a part of the woodland near Farnumsville was also scouted. The 
town is generally infested with the gipsy moth, and it is possible to 
find egg clusters in nearly every orchard. The area examined cov- 
ered about 5 square miles of woodland, No orchards or estates were 
scouted. The different kinds of trees in the woodland were estimated 
as follows: 


Per cent. 

Conifers - G 

Oak 21 

Maple 2S 

Elm 1. 


I’cr cent. 

Chestnut P 

Ash I 

Birch .111(1 beech 14 

Misceniineoua 15 


As a result of the scouting the following infestations were located: 

One old egg cluster on a birch tree in woodland near Xorth 
Grafton, two colonies on the land of the State insane hospital, one of 
18 egg clusters near the bams, and the other of 25 egg clusters on j 
large oak tree on the edge of the wtxidland in the rear of one of 
the buildings. As there is quite a general infestation of tlie frail 
trees on tliese ground.s it is probable that these colonies were es- 
tablished by caterpillars carried on men or farm animals to tlif 
places where the egg clusters were found. An infest.it ion of tvo 
clusters was located near the Westboro line In oak growth. Fiv( 
infestations were found in two blocks of woodland on Esterbrwt 
xAveniie. In one block, where three colonies were found, four fgf 
masses were discovered, three new and one old, while in the otliei 



becord of scouting in wareham, mass. 
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[, txTO colonies on low land totalled 149 new and 2T old egg 
-fs Most of the trees in these areas were pine, maple, and 


biidi. with a 


few oaks and chestnuts. On the whole, these colonies 
^ not very favorably situated for rapid increase of the species, 
n old egg cluster waS found in woodland south of Grafton 
' aier and a colony of 20 nests was found on two apple trees in a 
of woodland near Famumsville. 


liloc 


clusters is noted above, because it i.s 


'I'he discovery of old 
,,lj,,ble that new clusters were present in obscure places on the 
on the ground and were not observed by the scouts. During 
!*'^i;iit of the time several inches of snow covered the ground. 

' In ill the places mentioned it is probable that five iiifestntion.s 
■IV have been brought about by wind spread, although thi.s enn not 
1 ^,' slated with certainty owing to the state of infestation of the 
■ivirds in the town. Grafton was first found infested in the winter 
Ilf 1 !i 08-9. ft is located only 7 miles west of Hopkinton, where tlie 
„ip:,v moth was found in 1905. 

recobd of scoutikg in wakeham, mass. 


Scouting in Wareham was begun March 28, 1912. As it was ini- 
lossible to secure definite residts by examining a section of tlie town 
n account of the prevalence of coniferou.s growth, several areas 
rfvv selected, covering in all about 925 acre.s. and a scout of this 
enitory was made. 

Thi.-: area was used because hardwood growth predominated and, 
m tlio average, about 75 per cent of it was oak. 

.\s a result of the examination 112 egg clusters were discovered in 
Mght localities, 

Two small infestations were found near tlic road leading from 
ihe Tremont station; another was in woodland near MVst AVnreham, 

:,0 egg clusters having been found. The white pine in this area 
had been cut, so that only deciduous trees remained. A short dis- 
tance away were located trees that bad been infested for two or 
fhree years, and this may explain the source of this colony. 

.1 hloek of dead oak growth on high land near West Warehara 
cottlamed two colonies, one of 50 and the other of 2 egg clusters. 
Apirareiitly these were caused by wind spread, as there were no 
infested place.s near by, so far as could be ascertained. 

Three other colonies, of a single egg cluster each, were located. 
One was on the back road between Warehain and West A1 areham, 
and the other tw-i were southeast of the Wareham railroad station. 

I Two of these may have been brought about by wind spread, but the 
third was near the site of a colony which had been treated for 
several years. 
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The result in Wareham indicates that there may have been son 
dispersion by the wind, but only a few of the colonies can be 
counted for in that way. 

EESTOTS OF SCOUTING WOODLAND AEEA, 

On the whole, the number of woodland infestations found i, 0,4 
so large as might be expected. Those at Milton, N. H., ami Yar 
mouth, Me., are the most striking, probably furnishing tlie nm.t 
definite results of any of the towns under consideration. Qaino 
to the long distance from LLsbon, Me., to the nearest badly infjjtfj 
area, which is about 70 mites, and to the large quantity of iinfavor 
able food for the caterpillars, it is not surprising that little evidenae 
was secured to show that the infestations were caused by the ivinil 
The other infestations in the town, however, indicate that thoi'e mav 
have been a short-distancc spread in this way. In Yarmouth. Me 
the proportion of coniferous growth was practically the same 
that in Milton, N. H., but the wooded area examined was only 
about one-fourth of that scouted in the latter town. Oak trees, 
however, predominate in the woodland in Yarmouth ; hence it i, 
not surprising that a larger number of colonies were found in that 
town than in Lisbon. More woodland colonies were found in Milton 
than in any other town, and this is what would naturally be expected, 
as it is near badly infested towns and is located so that the prevail, 
ing wind would convey large numbei-s of the small caterpillars. The 
woodland examined contained only about 13 per cent of oak. If this 
species had been as abundant in Milton as it was in Yarmouth far 
more serious infc.stations would probably have resulted. 

Scouting in Tilton indicates that good work was done in suppress- 
ing the gipsy moth during 1910 and 1911. The town is located a 
little out of the line of wind dispersion, and this, coupled with care. 
fill hand work, has evidently resulted in the satisfactory conditiuii 
which has been reported. 

The results in Bennington, N. H., a town which is located on high 
land, where 21 per cent of the trees are oak, point strongly to the 
fact that the woodlands do not become infested rapidly when thev 
are located in a region unfavorable for larval spread by the wind, 
Although about 5 square miles were examined in this town, no 
woodland infestation ivas found; and when it is remenibererl tlial 
this area is less than 10 miles from towns which were found infested 
in 1908 and 1909, the evidence is further strengthened. The danger 
of artificial spread of gipsy-moth caterpillars on vehicles is probablj 
less in this town than in any of the towns where woodland areas 
have been scouted. 

The scouting in Gardner and Wareham, Mass., was handicapped 
by the fact that the woodland growth was not satisfactory for tlie 
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establishment of the species, although the selection of areas contain- 
ing the most deciduous growth in both towns aided in securing more 

satisfactory data. 

tVareham was found infested in 1905, and if the town had been 
Ineated along the line of prevailing winds at the time the gipsy-moth 
caterpillars were in the first stage, the woodlands would probably be 

badly infested as those in towns an equal distance north or north- 
(cnt of the original infested area. This is not the case, however, 
nhich indicates in itself that unfavorable food and practical im- 
lunnity from winds favorable for spread have worked to the advan- 
lao-e of this town. 

The same statement can be made of both Gardner and Grafton 
nliich were found infested in the winter of 1907-8. It i.s true that 
there are a considerable number of small roadside and orchard infes- 
tations in these towns, particularly in Grafton, but travel is heavy 
during the early summer and an excellent opportunity is offered for 
the spread of the larvae on vehicles and automobiles, "if wind spread 
nere not a prime factor in distributing the gipsy moth, the woodland 
in Grafton should be more heavily infested than the wooded area 
examined in Milton, N. H., because the latter town is mucli farther 
from the original center of infestation, and wa.s first found infested a 
year later. 

It is practically impossible to explain the origin of many .separate 
infestations; but taking the woodland areas e.xamined and studying 
thorn in relation to each other and in relation to the badly infested 
iircfl. it is evident that the theory already given concerning wind 
spread is confirmed. 

It is surprising, when all the facts arc considered, that so much 
good work has been done in controlling the gipsy moth in many of 
the infested towns. Large numbers of cases are on record where all 
the infestation.s in a town have practically been cleared of thi.s 
insect in a single year; but, owing to general wind spread, as many 
iiiul usually more colonies have been found in other parts of the 
same town the next year. This is one of the discouraging features of 
the work and renders it extremely diffietdt to control the insect in 
towns which are most subject to natural spread by the wind. It is 
obvious that if this is to be brouglit about, bad colonies must be 
•subdued, particularly those which are nearest the outside border of 
infestation, because, as has already been pointed out, the farther the 
lau.c are carried by the wind the less the chance becomes for them to 
establish the species, owing to their wide separation from other speci- 
mens and the limited opportunity of their finding suitable food for 
full development. 
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EFFECT OF WIND SPREAD ON THE PROBLEM OF OIPSY-MOTS 
CONTROL. * 

The fact that gipsy-moth caterpillars are spread chiefly by wijjj 
during the time they are in the first stage and that for this itiwun 
the present spread of the insect is toward the northeast, noitliwe,; 
and north has been sufficiently demonstrated. Another factor whid,’ 
enters into the problem to a greater or less extent, and which has an 
important bearing on the spread of young caterpillars by air cin-, 
rents, is the altitude of the woodland in the various towns. 

iniether high altitudes are more likely to become infested in thi< 
way than low areas it is difficult to state, but there can be no question 
in regard to the difference in temperature of winds after liavino 
passed over an area of high land. For e.xample, the cold winds whidi 
sweep down the New England coast from the northeast and east nr,! 
not accompanied by as low temperature, nor are such winds as cold 
or penetrating in the central part of Massachusetts as they arc alonu 
the seacoast. As high wind.s must be accompanied by high teiii peril- 
ture in order to bring about the spread of young caterpillars, it can 
be stated that after the territory on the west side of the waterslicd in 
Massachusetts and New Hampshire becomes infested to such a degree 
that large areas are defoliated, the spread of the young caterpillars 
by Avind will be more far-reacliing and more rapid than it has Ix'en 
at any period since the moth first' became established. It is indeed 
a fortunate thing that the gipsy moth first found lodgment on the 
North Atlantic seaboard, on account of the various elements Avhieli 
have worked together to restrict its spread. If the insect had fltst 
esc-aited in central Massachusetts, in Connecticut, or in New York 
State there would have been ample opportunity for spread in all 
directions, and it would have been difficult to restrict it to anything 
like tbe area which it now occupies. 

SUMMARY, 

The gipsy moth is spread by local and long-distance means. 

Local spread may be due to tbe transportation of caterpillais i,r 
egg clusters on carriages or wagons that move for only a short dis- 
tance outside the infested territory. The egg clusters may be carried 
on driftwood Avhich floats down rii^ers during the spring. 

Long-distance spread may he due to the shipment of egg cliisters on 
himber products, nursery stock, or boxes from the infested tenitorv 
to any points where such goods arc unloaded. Caterpillars may be. 
and often are, carried long distances on automobiles or trolley cai>. 
and cases are on record where colonies have been established in 
this way. 
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By far the greatest dispersion is due to the fact that first-sta,.P 
eaterpillars are blown by the wind. A glance at the present infested 
territory shows that dispersion has been along the line of the prevail 
winds immediately following the hatching of the caterpillars 
One condition favoring wind spread is the presence of large woodlan,! 
eoionies which are overpopulated with caterpillars. This stimulates 
activity on the part of the insects in search of food and affords onpor- 
tiiiiities for them to be carried away by the wind. High temperature 
increases the activity of the caterpillars, and this tends to increase the 
cluinces of their being blown away. Weather records for the past 10 
vein's show that the prevailing winds during April and May. when the 
temperature is high enough to make the caterpillars sufficiently acth e. 
,,ncl when the wind is strong enough to blow them for any great 
distance, are for the most part from the .south and .southwest. " 

The character of the food has a very important bearing on the 
dispersion of this insect, because unless caterpillars that are blown 
by die wind are able to find lodgment on favorable plants they will 
not survive, and there will be no opportunity for the species to become 
established. If a number of first-.stage caterpillars were rlropiwd by 
the wind into a forest of solid pine they would not be able to establi^il 
II colony, because these small caterpillars can not survive on pine 
foliage. There are other trees, particularly conifers, which are 
equally immune from injury by the first -stage caterpillars, and iiiwn 
wliicli they are not able to develop. This shows that large blocks of 
mifiivorable food plants will not only prevent tlie establishment of 
ihc insect, but that such woodland will require no (reatment what- 
ever. provided it is isolated by removing the favored food plants 
near by. 

RECOMMENDATIONS. 


As a result of the experiments which have Ijoen conducted and a 
^tudy of the data which have been secured, the following recommenda- 
tions are made, as these have a practical bearing on the gipsy-moth 
problem : 

(1) National legislation should be enacted to provide for llie 
inspection of lumber products or other material which is likely to 
vaiTv the gipsy moth from the territory which is now infested to 
uninfested regions. This is pai-ticularly important and is distinctly 
of national concern, because goods of this sort are often shipped to 
lar distant ooint.s in the United States, and without careful scrutiny 
txeellent opportunities are offered for establishing new colonies 
minute from the area in New England which is now infe.sted. 

(' 2 } Inasmuch as certain coniferous trees, if grown in solid stands, 
''ill not furnish favorable food for small gipsy-moth caterpillars 
t lat might be distributed by wind spread, and as some of our decidu- 
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OU8 trees will probably furnish similar unfavorable food conditions it 
seems very important to determine by careful experiment (lui 
ceptibility to gipsy-moth attack of the various species of nati\ p 
in New England forests and to test different methods of thinnin,, 
woodlands in order to reduce the infestation by furnishing luii^nf,,!' 
able food, and by so doing to prevent the area thus treated from 
becoming so badly infested as to enable caterpillars to be sprom] filing 
it by the wind. These experiments are now under way. 

(3) The experiments conducted indicate that little spread by (jjj, 
wind will result unless badly infested areas exist. Inasmucli ns thp 
principal spread over a wide area is due to the wind, more auemirm 
should be paid to the proper handling of bad woodland cnlonie, 
along the lines already indicated, in order to prevent widispncj,] 
distribution. From the experiments conducted, and from tlm djij, 
examined, and as a result of interviews and conversation with \ aiion, 
officials and parties interested in moth work, it appears tliat the 
spread of the gipsy moth at the present time by automobihs or 
other traffic is far less serious than heretofore. Already a larp. 
mileage of trees along trunk roads has been thinned and i)i'otecti'il. 
so that the danger has been largely reduced in this way. Special 
attention has been given to many roads leading to and from suiiinwr 
resorts or camping places where automobile traffic is heavy diiiing 
the summer, and as a result of this work and of the scouting whidi 
has been carried on in the outlying territory, which included an 
examination of the trees along many of the trunk roads in miin- 
fested sections of the State as well as an inspection of places, such 
a.s hotel grounds, where touring parties would be likely to stop, it 
has become ([iiite evident that in the last year or so the danger cf 
infestation by means of automobiles has been greatly reduced. This 
woidd indicate the desirability of reducing the thinning operations 
along roadways, except on tliase where the automobile traffic i> the 
heaviest during May and June. 

(4) The work which has to do with the determination of the 
limits of spread of the insect, and which is known as the .scoiitiiig, 
is of great importance. This is being carried on in the outside in- 
fested towns and in those adjoining, and too much stress can not he 
laid on its thorough prosecution. The men actively engaged in it 
should be instructed thoroughly in regard to the best methods uf 
thinning woodland in order to control the moth, so that practiciil 
advice can be given to the owners of forest land to stimulate them tn 
take proper measures for protecting their property before the mfcs 
tation becomes serious enough to cause severe injury. 






